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1  Introduction 

A systematic review and account of our knowlidg« of the constitution, 

compoeltlon and dynamic! of th« upper atmoaphar« Including tha mora appli- 

cabla phyaleal parameters would ba extremely difficult. Indeed, aueh a 

wealth of material axiata in tha literature that a thorough evaluation de- 

tracts fron tha main point of Interest,namely,the pertinent atmoapharic 

procaaaaa. The atmosphere combined with the incident aolar and coamlc radia- 

tion provldaa the environment for the partlcla-field and particle-particle 

lntaraotiona. For this reason it ia daairabla to include tho Important 

features of tha various geophysical parameters including, where available, 

tho appropriate quantitative data. Fortunately, on excellent review of 

tho dynamic properties of tho terrestrial atmoaphora haa boon given by 

Nicolet at aP ' and our diaeuaalon may bo eonaidorad to supplement 

rather than include thla review. Figure 1 glvoa a aaIf-explanatory des- 

cription of the Nicolet's nomenclature which defines the groaa character- 

istics of tho various regions of demarcation. The several mast motions 

cl interest aueh as vertical drift and mixing, thermodynamics of hooting, 

etc., will not be treated as a single topic, but rather aa applications 

of particular microscopic or macroaeoplc proeeaaea. 

The atmospheric parameters considered ea essential to the definition of 

the atmospheric particle Interactiona are the total denalty including fluc- 

tuations and cross-correlations), temperature, molecular end atomic com- 

position, electron density, and ion composition, and solar flux. Again, 

the amount of «ttentlon devoted to a particular topic herein Is aot Indicative 
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of Its laportsnee to the physics of eh« upper atmosphere. Special atten- 

tion haa been paid to thoao arees which we eomldar to ba treated Inad- 

equately In th« lltaratur« or In which tha OCA staff has particular 

cor.p«t«nc«. In addition, our vlaw or lntarpratatlon of tha data - whan 

conflicting data or ambiguities anist - may ba prejudiced by tha require- 

mant for self-consistency. 

In tha pra-lputnik ara several nodal etaosphercs wara postulated 

defining the variation of descriptive geophysical parameters with altitude. 

Among the more comprahanalva of these survey• «es the 1136 AlDC Model 

Ataosphere. The Introduction of satellites Into the environment of 

lntereet In the 1937-5« ara greatly accelerated the data gathering capa- 

bility hitherto dependent upon the spatially and temporally Halted rocket 

flight axperlaents. The satellite drat *•*• *hus aoeuaulated frequently 

deviated frea the thsoretlcally postulated aodal ataosphares, and the 

observed tiae and spaas variations were lncoapetlbla with the assumptions 

of the aaen aedel. For these reasons several attempts to modify the 

existent models were aada elrea 1939 and it has bean daaonstrated that 

among these the 1939 AlDC Kodel (fig. 2) is probably the most credulous 

at laaat for the mean of the diurnal, seasonal and solar fluctuations. 
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1. Penalty and Comeoaltlon 

tn tha 1939 revised model the molecul*r>sc«le- temperature hes been 

oeemuted •• • function of th« geopotentnl cltitude consistent with data 

observed during several avallab1« roekat -nd satellite experiment». 

I tar ting at a will established point (13 km of th« 1956 nodal), valuta 

of th« moleculer-acaie-temperature wort «oloetod auch that they doflnad 

danaltloe In raaaonabl« agreement (In «lop«) with th« obaorvod data. Th« 

ultimata mult of this plecc*meal construction wee a profile (fit. J) 

which ahowed a lowor temperature (than pravloua modelt) m tha 90fcm 

region and «ore apactaculariy a conaidorablo tempereture incraaae et 

higher altitude» (109 - 170 km). An «Mtonaion of tho modal from 600 km 

to S earth radii with a conatant lapaa rat« of ^J - ).ll°/km and a 

molecular weight decreasing to unity (discounting electron! aa a 

contvlbutor to tho moon molecular weight), yield« valuaa of mane de»elty 

which are eonalatant with thoao derived by Chapman in tha soler-corona 

«nalyela at the aarth-aun diatance. Nlnanar point a out that extension of 

tha model to altitude« above 700 km ia tenuoue aince the •seumption of 

hydroatatlc equilibrium and tha b«eic concept of temperuur» «re prib«bly 

inapplicable. Indeed, the action of the »alar wind upon the megnettc b- 

field above a few eerth redli «e preeented com»ptu«lly in an tier upon 

end the anlaotroplc behavior of the predominantly ionised medium tn the 

tarreatrlal H-field preclude! tny «Imple bydto»t«ttc model it the*« iltl» 

tudee alnce the original equation», of motion d n v include ferret 'ther 

then gravitational.  
*~ -      - ~... 
GCA Tech Report No  7 In th« »eric» »to h* published, 
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MOLECULAR SCALE TEMPERATURE,   "K 

figure 3.    Compartaon of Tampantura-Altituda Function!  Tor Varloua Atmoapharlc 
Modal»(aftrr Mlnanar at al) 



The 1939 AXOC atmosphere has bttn partially substantiated by tha 

Russians (Tables 1 and 2) and by the work of Jaeehia (Ptg. 4), King- 

Hai«, ate., if one ignore« the latitude (auroral activity) and the 

temporal variations (lolar bulge). Racogniting the various limita- 

tion« , we include an abbreviated tabulation (Table 3) of the 1939 model 

Including density, temperature, particle speed, mean free path, 

collision frequency, number density, and mean molecular weight 
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TABLE 1:    Structural P«ram«t«rs of th« Atmoiphtrt at Htighti 22i-5O0 Km 
Height N 

gm/cm 
H T 

km cm*3 km K 

223 6.01-109 2.12«10*13 40.0 936 
230 3.31 1.79 40.6 936 
233 4.7 1.7 41.3 941 
240 4.17 1.42 42.0 946 
243 3.71 1.23 42.8 932 
230 3.3 l'1 43.3 998 
233 2.94 9.73-10"14 44.3 944 
• « 2.14 1.66 43.2 971 
US 2.36 7.77 46.0 179 
270 2.12 6.13 47.0 967 
273 1.91 6.1 47.9 996 
210 1,72 3.44 48.1 1005 
213 1.33 4.17 49.7 1019 
290 1.4 4.3« 90.7 1026 
213 1.27 3.93 31.7 1037 
300 I.IS 3.93 32.7 1041 
303 1.07 

9.37-101 
3.26 33.7 1059 

310 2.9 34.3 1072 
319 1.73 2.63 59.9 1084 
320 7 98 2.39 37.0 1097 
323 7.31 2.17 58.1 1110 
330 4.7 1.91 59.2 1124 
333 1.17 1.82 60.3 1136 
340 3.68 1.66 41.3 1153 
343 3.22 1.S2 62.9 1169 
330 4.82 1.4 64.6 1115 
333 4.41 1.29 63.2 1800 
340 4.13 1.19 66.7 1219 
343 3.86 1.1 6>;.i 1237 
370 3.36 1.02 69.9 1257 
373 3.31 9.4W0--5 70.9 1276 
310 3.08 1.72 72.4 1295 
313 2.92 8.24 73.9 1305 
390 2.69 7.36 73.2 1333 
393 2.32 7.07 76.7 1333 
400 2.36 6.6 76.9 1373 
403 2,21 6.16 79.7 1393 
410 2.08 3.78 61.2 1417 
413 1.93 3.41 82.9 1440 
420 1.84 3.09 84.6 1465 
423 1.73 4.79 86.3 1489 
430 1.64 4.51 88.1 1514 
433 1.33 4.23 90.0 1539 
440 1.47 4.03 91.7 1963 
443 1.39 3.6 93.6 1369 
430 1.32 3.6 93.3 1614 
433 1.25 3.4 98.6 1643 
460 1.19 3.23 99.9 1675 
463 1.13 3.06 102.0 1709 
470 1.06 2.92 104.3 1743 
473 1.03 2.79 107.0 1781 
480 9.82-10' 2.65 109.3 1810 
483 9.4 2.53 111,3 1845 
490 8.97 2.42 113.9 1680 
493 8.61 2 31 116.5 1917 
500 8.24 2.21 119.0 1953 

dyn«/cm- 

7.76 iO"* 
6 88 
6.1 
5.44 
4.88 
4.36 
3.91 
3.34 
3.19 
2.M 
2.63 
2.39 
2.17 
l.N 
1.62 
1.66 
1.36 
1.42 
1.31 
1.21 
1.12 
1.04 
9.4910"* 
9.04 
l.N 
7.68 
7.30 
6.93 
6.39 
6.16 
3.63 
5.51 
5.26 
4.96 
4.71 
4.47 
4.25 
4.07 
3.88 
3.72 
3.56 
3.43 
3.29 
3.17 
3.03 
2.94 
2.84 
2.73 
2 66 
2.6 
2 53 
2.43 
2.39 
2.33 
2.28 
2  22 

P 
mm H 

8 
6.25  10-7 
3.34 
4.92 
4.4 
3.94 
3.34 
3.17 
2.88 
2.6 
2.39 
2.14 
1.95 
1.78 
1.62 
1.49 
1.37 
1.29 
1.17 
1.006 
1,0 « •.28-10"* 
1.42 
1.04 
7.32 
7.44 
4.56 
4.16 
382 
3.53 
3.19 
4.9 
4.64 
4.44 
4.19 
3.96 
3.79 
3.6 
3,46 
3.3 
3.17 
3.04 
2.93 
2 67 
2 72 
2.62 
2.33 
2.44 
2.J7 
2.3 
2 25 
2.19 
2 13 
2.08 
?.0i 
1.98 
1  9<. 
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TABl.t   2.     V.ilu.n   ol   ilu'  Ui'iMlly   (In  HIH-CIH*')   UI   Vui 1<IUM  11 • ■ 1 >>,ii I .-.   I rum Muuuim t IT 

Rouk.t Data Orag Data 

1 1 2937 a, 
Contain«» 1937 •;       ' 

and roolwtf 1937 «i 1937 B, 
Ham latltuda 1937 a2 1931 • 

Malght, of (uropaan VUlna -7 Aarobaa-Ml 1937 if 19M 1. 
1938      (19-23) km U8SR 33« II lit, 3»° N lit. (10,11) 

100 4.io-io a.S'io* 10 7*10" 10 aaa mmm 

110 •.••10*" 3.10" 11 1.1*10' 10 aaa aaa 

110 I.l'10-Ji 1.2-10- 11 1.10' 11 aaa 4,0.10-11 
130 ?.4'10-J« 3.3*10" It 4*10' 11 «>aa S.Ol'lO-l- 
uo 3.1*10"» 1.2*10" 12 S.IO' 11 aaa 1.41'10-Ji 
ISO 4.»'10-JJ 6.6-10- 13 2.10' ii aaa • .•7.10"» 
IM 9,S*10"-> 4.3.10" 13 1.3*10' mmm 4.70*10"11 
170 •.♦•lo-is 3.0*10' 13 1*10' 11 aaa 8.M*.0-1* 
ISO 
IM 

4.4*10"-* 
aaa 

1.3.10" 
• Mm 

13 8*10' 
■ a« 

IS aaa 

a.« 

1.87'iO"4* 
*.l'«0"4* 

itt I.S'IO'-* 1.1*10" 13 7.3.10" IS aaa aaa I.IS'IO"4* 
117 ft 1 • •• ■ «« • «■ ••• 7,i*M"4* 

MO 1,7.10-13 1.4-10" 13 7*10' IS ... (3-1.43)*10*4* 
Ml t ♦ • ■■ aa • ajiajaj aaa •,?*io-» 
!•!*♦ • •• *«■ *•. . • . 7.37*10--* 
t04±4 aaa • •• ■ • • ••J 3.4.10-1S 

210 i.o*io"-> 1.1*10"» 4.0* h 1 ■ ■■ 4.04'iO"4* 
111 + ♦ mm* M« • •• ■ ■■ ♦••*10"4* 

212 aaa aaa aaa ■ ■• (4.4-4.4).10"-3 

••* aaa • an» aaa aaa 4.7*10-,-* 

its 
1.4«10-1* 1.0*10' 13 aaa • aa <S.S-1.7)*ir-* 

aaa ■ a« • aa (1.9-4.1).10* •13 aaa 

IM aaa ■ a« aaa (1.♦-3.2).10' •IS aaa 

8? 1.1S*10"-* • a a • •a a aa 3,SI.10-13 
aaa ■ ■ • aaa aaa l.S'10-J* 

tss • •• aaa ■ Jl aaa 1.1*10--* 

Ml 
1.1.10"44 • a* aaa aaa I.SL10--S 

aaa ■ a» aaa aaa i.s-io--* 
ISO • •10-M • a a aaa (1.3-1.6).10* •13 (l.l-i.»)*10"-3 
IM 4.9*10--* • ■• aaa aaa l.Sl'10-J* 
170 • ■■ • •• aaa (9.4-10)'10' •14 l.if.10"1* 
I7S ■ ■ ■ ■ ■• aaa a aa I.S'10-U 
MO • ■■ a as aaa aaa •.51.10--* 
IM ■ •• ■ as aaa (3.1-7.0).10- •!♦ 7.68.10-1* 
MO • ■ • aa a aaa aaa (S-4.27)-10"-* 
110 • «■ ■ a« aaa (3.•-♦.7).10' ■14 I.M'10aU 
320 ■ ■■ a a a aaa aaa ♦.lf.10'4* 
3M a a a • a a aaa (1.6-1.1).10' •14 3.38.!0"1* 
340 aaa a a a aaa aaa 3.02-10-1* 
3M Baa a a a aaa (1.1-1.1).10' «14 (7.1-3).10"J* 
3M aaa a a a aaa aaa 2.U-10"1* 
3M ■ ■ a a a a aaa (1.4-1.3)'10' •14 (1.4-1.1) «10-U 
370 ■ at a» a a a aaa a a P 1.87.10-»* 
♦00 ■ •■ a •» •• aaa aaa l.S*10-•* 

9 3.10-13 
♦03 ■ mm a a a aaa aaa 

♦30 ... a a a aaa aaa (1.0-^.3).10"»5 
300 ... mi m m ... aaa (2.3-6)'10-15 
330 .... ... ... aaa (2.2-4)-10-15 

2.10'}56.«.10-14 600 ... ... aaa* 

630 ... ...   aaa 1.10"l51.8-10"1* 
700 — ...   aaa 7.10-.6 
720 — ...   ... (1.2 ± 0.3)>10-16 

Above notation* an< conventional  ilualgnationN of thu ■atullltuH. 

1. 
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LOO  Oantlty In hg/m* 

Rong« of uoulbl« Doyllght and Nlghttlmt dontltiao o« com- 
puted by Jacchlo (SmMhtoolun Special Report No. 39) vi. altitude In *m 
In comporlton «IIh tho AROC Model Atmoephere 1909 

Figur« * 
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22 flat liinttwn at i> lily iUnlu Ytrt*Ugni) 

, 

. 

»»».«ifci^«-.. ■ 

Tha attltuda pf tha naophytlclit during tit« past ftv yatro toward 

tho tubjoet of otawapharlc «entity hot boon changing. Tho notion toomod 

to bo tulta goner«! «owns tho primary lnvaatlgatort «Mt too dontlty 

profile «oi an Invariant and aa a raault the eonatructien of atttle of 

noaphorle «odaU «aa a popular pa*tin«. Ik» aatellite-drag data haa boon 

in de««*etr«tlng that tho ttpttpbttlc donolty hat eenalderable 

flno ttreetore obovo 100 ha * anhibltin« dlnrnol and toaaonol rerletiona 

«%■   tta%ll    M    f^teAöt   tttt^AhAi   vl^al   ^ttfa    feAdM    Ifloidlöl       däftffää   ft#    AUffoWoll    «%£• •^w*   Www«t    e^w    ^öwW   WSW•««W   WoVW   la^a^ow   ^^n^ff»    •■■«•« |     WjpVW   we»    •»•»•*•»    •• 

tivity, oto.   «aiwfojt« any particular atatlo nodal it lneapabla «I 

approxlMtlng tho ataeepherla dontlty for all loeotlona and tlano.   Tho 

relation of tatalllto drag to orbital and atnwapharle paraewtera bat boo« 

derived by eev»*tl anoottiflari inoludlnt King-gala, Coob, and Halber<2> 

and ia given opprontettoly by 

2 
♦ ** 

(1) 

whoro 

. §f (I.IM* tfc»>J 

^ ■ ataoepharic danalty at tatallltt parlgoo 

H ■ atmoapharlc tcala holght noar tatallltt parlgoo (function 
of taaparatura and molecular weight). 

CD > -«rag eoofflelont 

dP/dt ■ tatallltt accalaratlon 

m ■ matt of tttalllta 

A ■ affective crott taction of tattlllta 
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F ■ factor to account for rotation of «tmoaphere 

€ • orbital eccentricity 

• ■ aami-major exia of orbit. 

Tho diurnal oeaponent had b«an antlcipatad In tha early investigation« 

on tha upper at«oaphcre - at laaat for altltudaa abova 10 k*. However, 

roakot obaarvatlona «at« too isolated to raaolvo tha «waetion definitely. 

<Zndaad tha Fort Churchill flighta (to 100 k») demonstrated a high 

praiaura (or denelty) which wae tantativaly lnterpratad in tarn» of tea- 

mal varlotioue.) Ivan tha Mtalllta data IN« 193?* and 103? t 

whore perigee occurred at about HO hm railed to conctutivaly exhibit 

tho approprlata correlation beeeuee of the aaeklng effect of vary 

abort tont perturbatlona duo to aolar flaree and enhanced aunapot as* 

tlwity. tha date derived fro« Vanguard I and lta carrier ltS0f1 and 

ßi     ) with o perigee ot 630 km eleo could not eeaonetrate tha diurnal 

dooelty variation during lta flrat year lino« lta perigee renamed m 

tho eunllt portion far the entire period between launch in March, 19M 

until «id-April of 1139. However, elnce 1939, tha perigee of thla pair 

ot wall oa tho perigeea of 19390^, 19390*?, 1939 fv  1939^. and 1900 V^, 

have nade the treverae fro« eunllt portion to tha earth'• ahadow and/or 

vlaa voraa. Thaaa lattor aatellltea have parlgeee between «80 <nd 930 k« 

end orbital lncllnatlona of fro« 32.9 to 31.3 degreee. Thaaa inclinations 

therefore aetabllah the reglone within which the dr«g data h.« fully 

aatabliahad particular temporal variation». A review of tha dr«g d*t» 

fron earlier aatellltea with lower perigee altltudaa Indien»« th«t there 
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was « minor effect - • density variation dependent upon tha GIF angla in 

which tha aegnltuda of tha vorlotion appaarad to docrooaa «1th decreestag 

pori|oa altltuda until tha offoot diaoppaarad «round 200 tM. 

According to orbitol theory, low altltuda satellites orhltlnt in 

on ataoephere whoa« donalty is • function of altitude but not tlao would 

exhibit • ported with a syetenetle diet awe (doerooalnt altitude of perigee) 

which depend« only upon the in vorlent denftltyeltltude reletlon, for 

•ueh • lituetion, tha rate tf ohonfa of the orbital period would remain 

aaaantlellv eooafcaat foe lone oeriodo over the eaeli -•«"— *■» ■ ■■■«■■< wuew»s»"»e^sBj,eB,ui e*gy    wwnnw^n,nnn»'ne    aevei     •• "%w    y^»" ee^F^^e»    ^FvnFW*     «sem    vwa^ra m 
■ 

• ^ A  --. - A  - " "" "—' 

4M« eloarly »howod that the Urge Venetians in 

two vato of change of the orbitol period wore oorrelotod with o 

if MM sotallita fron aunllt to «noli ration (or vice verse). 

* 

■owevar, * aero careful snanioMlse of the data «bowed that 

etirtat tlit tin «fat« tfc-t MVIIM o#ntlnM4 tt rcMln in «lth.tr a •milt 

or a derb region of the etnoepbere, the rate of change af the period 

appeared ta be inversely related ta tha angular dlstaaee af perigee fron 

the earth*• sub-soler point. This angle ie referred ta a« the geocentric* 

sun-perigee angle (OIF) end, of oouraa ahows a diurnal end seasonal vorla« 

tlon to e fixed terrastrial observer. 

Jacchla* ' has axaalned the verietione in etnospheric density and 

observed in addition to the lerge dlurnel effect the etnospheric bulge 
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1 

1 

■ 

which occur« In th« |»«riil vicinity of th« §ub-«ol«r point but perhaps 

dal«y«d two hours du« to th« earth's rotation) i 

a) «n erratic fluctuation with • Mln eoaponant d«fin«d by • 27 day 

period oMoiUntly oorrolatod with tha observed sole* flu« at 10 Mid 

It a« wavoloaftht. telew 200 ha» tha fluctuation« ar« •mail and In- 

OWPwQWWUv OK »IM W»i  «W WWeS^»PP OWV «OW OVl •■• ••••%••••••• •»• 

lMM «- tw- «.kaai«» MMIM but r«nmlit ««Mil la. tha earth's shadow 

e#    iiwiifsc inoreosos in OHO «on«icy •■ «a 

two saeh events la white, tha 

m 

b« eelnted POJ   aw^BrojBBjawww 

taisUlte-draa-derlved dot« in which tha observeble Involves th« produot 

©f tha density and tha square root of tha seel« h«lght. llneo tha Utter 

a function of toaporatura and alnaa tevpereture and particularly tha 

«a distribution at partlol« «n«r|l«t la unknown, tha danalty aaesu 

«ay bo subject to IOM further ambiguity. 

Jaeehla* ' hat worhod out an eealrlcsl foraulatlon of th« «xprssslon 

JPP in term of th« geometric height, tha 20 a« aolar flux (F2Q) and tha 

•nfuiar dlstaneo fro» th« e«nt«r of th« diurnal bull«, via., 

^M* - f0<0 F20 fl •► 04IS ( «xp (0.006 I) - 2) cos6 <f 1%) I 

(2) 
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Coannrlion of thi« relation with th« ob««rv«d b«h«vlor of eh« »«tulllt«« 

if »iv«n In fig. 3, «nd th« diurnoi bul|« •• • lunation of oitltud« In 

fig» •• 

.- 

' 
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W I 

Figur« ft. Heights of Surfaeta of gqual Donalty «bova • Or «at CireU Across eh« 
Diurnal gulg«, Coaputtd for a 20 em leUr Flux of 200 R 10-11 «ntt/cm2 

oyolss/soc. Ths valua of logScorraapondlng to «aeh curvs la shown 
(«ftor Jaechla). 
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2.3 

In addition to the diurnal bulge «aeoclated with eolar electroo»g- 

netlc radiation, Jfoechi* haa notod apparent relatlonehip between tho 

obeerved atmospheric density ond tho solar corpuscular flow (the solar 

"wind"). Ilneo this straea it predominantly toniood, corpuscles tond to 

••     WWMS* esa^Se»*»      o5w     fcO»^      ••»•W      0» amW   . äBVjaff     '**••■       InO      ■»"•» 

ttolly in tho auroral eonaa.   Indeed, at aa.fciomad 

measurements at «ltltudoo nut 200 ha ovor fort Churehill vor« weh 

rotor co otccoront paaeee or aw eaaar eyeie, one 

te aaa» «tartars that too f oatmre was am* 

auroral partlelea.   A eoneeejuenee of this 

of auroral activity on tha 

to 

(ffirat 

■ldorod by fatal; ' During a itton« are, tha photon flux of tha flrat 

negative ayetem of nitrogen la about 3 x 10 
..  -t  »i 

an aaa ( lt(7>), 

which, uelng the epproprlate oroae sections, corresponds to an looH»tIon 

flux of about 10 13 •I  -1 eoe \ 

to tho atmosphere will bo of tho order 10  ow em"   eoe" . 

Tho aeeaulated thermal energy transferred 

Tho altitude 

dlatrlbutlon of the beat aouree will hove auch the aaa» ahapa ae tha 

lualnoalty curve ao that tha energy will be depoalted In the region 

near 103 ha far the Majority of auroraa. The mean thermal energy eup- 

plied by Ionising radiation to the region above tha baee of the F^ layer 

la at leaat 1 x 1010 ev cm"2 eoc  (letee* '). Although the hooting 

eaeoclated with visible auroraa cannot be significant within the content 

25 



■ 

Ik*- '. . 

- . 
■ 

» 

»fe-- ■ 

of the over«11 thermob«lence ol the »toetphcrt (B«tet( '), «ppreeUbl« 

loc«l hetUng My occur.    If we »dopt 10 IM for the vortical oxeont of 

• itront «re,  the «esoelatad httt source to «»out 10   ov c«"   coc" , 
ia    -1 rdiieh tor • mwbor density of 4 x 10 

Ihssmal energy for particle of «bout 2 x I«' 

rice is therefore «bout 5°K. per minute.   In 

yield« • 
t 

wo»   pvin   w* 

•urorae MM lnmiaaeity 

(9) distribution if grsatly extended in eltitude (Msromg,w ftaraaf and 

vnmnoic,   )  one e repio rite in c«nporocnro may occur os too «fryer 

levels. The rice «ill ho limited by air motion« and by 

and . Mellwoln mod ....«..■.-\**1 

atjnanUsa ta MM possibility that «tmo spheric hmatlmn, any am aamaod by 

partlele« from MM Van Mian radiation bolts. «mat», aa ia*aa<l,> ham 

rmmsrbad MM contribution cannot bo of major import ans« ta the haat 

af the atmoeyhoro.   Accordlni to bates, MM required energy 

flow ia a | 10     arms earn     where«« Deisler and Vestlao*   ' 
,22 am upper limit of I x 10  ergs for MM energy content of MM radiation 

belts, a wary short turnover time would therefore ha necessary. 

The possibility that the trammed partleles eamae heating in the 

eurer«! tonet hts boon discussed by J«strow' •  . la supposes that 

the heat source «rising from the p«rtici«s can be written in the farm 

9» F^En O) 

where P Is the flux of energetic electrons, XT is the lnelaatle cross 

section, I is the metn energy transferred per collision and Y\   is the 
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ataoapharle number density. For electrons of 10 keV, Jaatroar ' takes 

■ 18  2 
V ■ 10   t» end I - 20 «v, corresponding to an effective hast 

transfer eraas section af 2 n 10*  av «• . 

fha significance af these velues la «ok entirely claar. UM 

ertmaav maohamlmn af baa* tr.nafat ia that af ■Mantua tranifar aurIna F* • emeaaa»ai a*    aa^waar^Mveaa^aa    arai    mawa*     •■^»«■«M     ■"     eaaaaavw    vs    aawaaa^aww^Baat    vvaaaapwan     "^""''V 

»*§.,•> J akat A« earns!    aka        «.aaaa    a*    A«aeeui i    * eaaaamt at äfaaaaaaa^    emmaa»    —--^m\ t J «4 aaaa    mta«)     I    1ft   ml rant •  IVIIIvtOK  wmm   Zn% WM  ClMvJJr  CWI0iVffN PttT   ##illBlvft   wf  m   *U   aWr 

electron la about 0.3 av,   Tha eaeeaiated ereaa aaatloa la uncertain tot 

Ly of tha order of 10"l< 

.   ' 

10 "lf a«2 living a prlacry haat 

«mg   A*mAmm+4mmL   la   C   v   10 ^^^^w    ^wwe^s^aee^^a M^^w    ww     w    em    aw 

«tu 

"•••■™"   ™a»    •WWW   a»    •!    •w w*7   ^mra? mversw   ^WeieTaTalmTJr   fa*^^»1"7 

negligible oaaajaiaf to that analog fro« eeeeadary 

Wt    laV^PoN^    "•"••»    tWaaW    •• m?^t# earn»** •»    waal    VMIvSvlW 

av ear ' ' aaal a laaaa fraatiem af the «*▼    maaaj aaaeima    ear    e^aawamaai     et *i «aw ox m^pe    mjaa    maaaaai 

tlaeteiy hi converted lota tharaol energy 

(fehrangh auah aachenlsms aa dlract alaatlc oolllalans af tha laaoKattoa 

oat issoaatooitsa processes). As «eclated «1th tha heating af foot 

lonlsatlen and axcltation occur with affactive arooa ssotloms (to- 

eluding tha aaaaodary peoooaass) of about 3 a 10  ea . the estoalettaa 

of tha dlatrlhutlen of anergy depealtlon to tha aoaaaptara ay tha trapped 

alactrona praaanta a vary difficult probla« haeauaa of MM toportanaa of 

multiple acattaring af tha prlaary 0*4 aacondary alactrona, hot tha 

hooting dletributien should bo stellar to tho luminosity distribution. 

In hla computations, Jaitrov has adoptad an enerty flux af 4000 arg 

"2   -1 
cm  sac  of alactrona with anarglas abova 10 kav at an altltuda of 300 

ka. Ha assuaas that tha flux is Inversely proportional to tha ambient 
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Mnoiiy u» to aitituooi ranging fro« 400 ko «00 ka ana Muiei that tha 

MM «ill ViM *o Moot 53©0°t.    In»»!», his 

uiuHd f 1M oouU alto givo rlM to an oloatron Vti*J    WB 

Ü 
j 

• 

■ 

5 a 10* M"* Mt"1 «Ml to a onofto« »rotootioa MM «I M loMt 10 
■ 

ooujaaa. ft ■«   aMMji   MM       AM! ooaoaai   MAM   -»««J* »|M»mM»M    fv        V^B»       WotMN    ^M        VMM« 

• g   ^^_   v*»    0>MgMkgBMAaBi    a«W^fc    MMMMAMM   MM    ^At    ^*^>1^1M %-M   MlAnta^aVattA   AM 

-gjaMaMaBÄ   ^MMMM^MMMM^" a^avMM.    aaVa   afeM^^LMM_Ot£.iBM   A£    JMiiMM'iMi  _MM^ '^^Miä%MMiMi^Btas    O^A«4 
. •^^BäBBäWBJ'BP'   VwBi^vnB^wBBBBnBi^BW ~ ^BIBMBBW   WBJSäW   ^pw^a^BMaaow^a^Brwi^a   ^B^B    *^™*ai'"af"  ■BBBBBB)   ^^^arwawao^^^a^a^^^w   WBBOBO 

^■^■^^^w    ^^^w   ^^^p ^^^^w    ^^^w  '^^^wa^^^^   ^^OB^OB^B^WBBBJ»   ^•«W'^^^B^BWW^^    ^^^^■^^^•^^■^^^■^■^^^igT    ^^w    ^P^V   ^PAM^W^^^^^^^^^^^^P^   T^^^F 

jaMfea a «a— #f ilavlv awvMa MMltlM. Maw»*^wooo    a»    atoanam*   wai    av «aFw»^    ■BWOW^BBJ   o^moar WBBWB»B»BO a 

.*M_    —^^-    Mi^gAftafeytfamtA   MMMJfA«M)€"^    k|A 

«ja^ja—        AjHjM^MttMjMlatlito^av   .ftoMkiak  'ABKM      V    j*MtonY     MMSMMM AA    a%M   M^^MS1 ÄMBIMH^M 
•nmm»»Br   ^BBwa*wxW*M^tn**«*mmmy    «jaMMt»   a* assy ^»aaam**    ^apnmww   ^o»7    BBW    ■maaB^a»a«BB»Bw 

0.   Ha) Mooted Mf lttuaa tt M§ 
Q§ mi    T in taa ft iigMa 

ftkA ftuMaog 
at MM 

<t/t> 

1 
0.1 
0.01 

forloo* 
(Mt) 

1 
10 

100. 

h 
(¥) 

1 
10 
31.6 

(tVM/M    BOO) (4) 

lo-io 
i.u N io-w 
2.30 a 10-10 

0.11 (IM M) 
0.03 (M0 ta| 
1.11 (190 too) 

(orgs/oa* Mt) 
——■—■— 

2.00 ■ 10" 
1.11 I 10-»* 
2.10 a IO"« 

it 
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FlfWt 7. flMVMl iMTty tVOAMllM MC« in tltO Xono«»h«ro  («Ptt/O*' loo) 
tot ProtuoftoU. f - I, 0.1 and 0.01 •/■, for Mivtt of Aoplitud« 
W - I IT  ot J00 km (v.rtlo«! lneidonoo) («ft.r Akoaola) 

. 



2.4 

- 

■ » 

Both nwtral and lonto coapoiUion «apaai I« • larpa aa*ant 

diraat ptrttrbatlta of «ha rapten by »alar atap*Bal*t (paocama, 

—a ts-otaaa) tad aa Mit aaaraaaaal« «et tent taoli at 

• ag*a>ä1 tatftt    dttj4 flU      A*äÜkfc^A^t      Ap^6  fAflttAaM        VA> »ftfw|    ▼•»»■fflaaaw   PMWW|   »■»••»•^■I    a^ft^aa   ^^■^pl        a»^^ ] 

a»Aft4 ft*   a^a>Ajtits   I*   fefc*   atlMMMaft   MU%*  |4§||   taM   atatäMif aVftftat4ä%al  ftf   ftMflfcftf 

A * - . -^^.a. 4   .4 J   fn   a>ft^A   iMAa#iaAA44aaA   da&at   Aa^a^AA^UiAAA   ^#   aa^ft^aaida^HhAatAdi aWlttl"!   w^ftaiaia»   aw   AH   a>a^w   ^a^pvaaiw^va^^  ^a^a«   pivwawa^aw   »•   *^^^^^wvi ■' 

ai^^*v^^A   • ^ _„.n • „     -^^^^^   ^—.Ag^^  ^K^I^AX a»A   A^^A^^^^^A   ^am 
raiwJa^a   ab^p^paiwwt»*}▼ p   a^^a^^^a**    w^vaa^w   •^■aw^awar  ^av   ^^p^^p^a^av   ajw 

_^   ^t^^,    c^^t^M-aAi ■ j- j a^ia      ft) at   ft^tfan   flkAaBA alaftftjattftfeav  ttlbaVfc  Jtoa^a^J^A *»-^»*  ^^^»j 

^_- J  .^.^   jjt^—   ^gn^^p^ij.   Aaja^ftiAA^pai^y|i^a^ftft     ^kApv   fcjftfjjjfc ;4^btV  ^^ 

fftrt« tpaa appaaaa »aaalbla.   fate aappaatt a ittttmn ai Üft at*«*« 

fcia*2.  favaaa Aav*«ftAtiea huHw^  traAOiMat tad tk« datarateiattt • ftPWPa*    ^ww^arw -n^»»a^iapaaaii   ■awawai^    »»^nPIJIpatawBia»   ap^a    ^^*m   ■wiwtwaniwiaw 

panicle-partial« iacaraakltaa. ftaati a tat* it atytnd tat atapt af that 

latpaaaiaa tf tat liter at«, aa «at t*tet« al 

taaaala a aaaaldarabla Uak af lntapmten. la faala I, «aa taaatta af 

Mltalt« aaft Bata« *1*' ata pteaa. laaaa ata ftapati 

cottlt aprta vary «all with «aa aaaa daatlty at ptean ay Nlnanar (Iftftft 

ftlPC Aaaaaphata). In via* af «ha axaallaat «aflk af Jtethla and taa rala- 

«Ian e£ «ait work la taa dalinaauan af taa propar aaa af «aa Mnanar aadal 

aa a aaaa af day aad nlpht-tlaa valuas, «ha Tabla raqalrat aaaaldarabla 

modification. A itepla modification appllcabla «a nld-doy conditions la 

to ratain the taaw talafclva deniltlea, but «a Ineraeaa the« by tb« factor» 
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- 

which «r« ch«r»ct«rtitle of tm deviations b«tw«an th« Miom«r and 

Jasohta modalt.    Such a procadura was «mployad by watanaba In |«n«ratin| 

Tabl« 10,    Rwaftar dansitla« «t night would raqulra «or« fundamental 

•aoeuee of MM tcdicel decreaee in th« «oUt perturbation. 

Pl|ur« Itii plot containing th« Bat«i «nd NUolot reeult« with 

IMS ftttite given by Millar ,{*}   Th« latter «r« to h« eoneldersd 

IVM aw« t.outtve. 
. \ 

i 

Th« »«eular varieties in oowpoeltion My wall «• exeaplifled 

in th« «MM «WHtJit. Flfu*« *m%& ******** *W 

I 
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riiuri 9b.   Utltu4lMl Variation of Oaon« C.nt.r of Gravity 



Figur« 10i.   SMioMl Variation of Oiono to Air totlo at rUiiuff 



. 

14      11«     *     *     •      • 
MOW QO*rCI1fTMT"JPI *■> ■■» • "f""1 

Figur« 10b.    IfrtsoMi V»fUtion of OMM Concentration «c riigataff 

37 



1 

•0 
tt 

IM 

i at 
it 
it 
at 
tt 

-l—"i■• -r -i r- *T—v  r •• r~i—r 

I i,   i>  t   ml I.. .A—J. J l l_ 

J*N n» MM AM «*» JUNI MU MM M« OCT NOV OR 

Fliur« 10c.    IMIOMI variation of OIOM Center of Qravlty at Flagstaff 



^ 

i...l   U i ■ .t.*    UU H.A. A    IM     U    «U 

•"'        IT* 

Figur« 104.    Latitudinal Variation of Oaona to Alt latlo 



2 5 Positive lon Comjqaltion 

The present status of th* ion composition It similar to thtt of 

neutral composition • too few measurements have bean mad* to data» and 

the composition may vary considerably with auroral or rolar flare 

activity. 

rree. rMBM flighta conducted in the United Itatei, th« following 

peaitlve ions have baan Identified (if, o\ KjO*. 1+,  »*, 9+}     M « 

I-regie* tha reaulta of tha Fort Churchill flights (fi|. 11) Indicate that 

«ll4, «0*, and 0* dominate th« ion ■••• a««*truai, e«natltuting about 97% 

ff MM total, (§«• Figure 12 «1««) 

Th« «Mt atrlhlnf feature of th« lon deneitles in th« r«|ion of 100 

I« 150 h» 1« th« preponderance «I th« HO* («entity of th« ord«r rf 

104/«*). characterletiee to be ewpUiMd «re th« d«ficl«ncy el 

and 0 , and th« apparent diurnal effect (th« ratio of th« two dom- 

inant lone n (MO4)/« (02
+) 1« l«r§er «urlng th« dey). Thle diurnal 

affect muet be coneidared tentative In view of th« poeeibla contrlhu- 

tlona of aeeaonel «nd auroral effect (th« measuremente being made in 

different eeaeone)  A detailed analyaia of th« problem of ion compoal- 

tion muat take into conaideration th« neutral compoeltlonj the Incident 

aolar spectrum, th« photo-loniaatlon croaa •actions, th« microscopic 

lnteractlona of dieeoc i<st tve recombination, associative attachment, 

charge exchange, and atom-ton or atom-«torn exchange, and perhaps the 

mecroacopic processes of mixing and diffusion. Such an investigation is 

beyond the scope of this work. 

CO 
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t       4        $        §       m 
LOG NUMBER DENSITY   (9m"9) 

Figur* 12.    Positiv« Ion Concentration Vertm Mtitud* 
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We shall talc« a quick look at «ha ration of 100 km vhtro .lyttlctl 

i 

densities ara: 

n (X)    -   2 K 10* oa*3 

n <Xt) ■ • x 1012 M"3 

n (0t) • 1 x WU a»"3 

n (0)    -    7 x 1011 *"3 

noon 
{n (a)       ■   3 x 105 oa"J 

n <«0*)    -   3 N 10S a«"3 

• 

• 

n (XO) -   I x 101 m' 3 
[2£1 t»^> J 

n <Ma*)   ft*  103 am"3 

-   OS 
night 

, ».#«- tgmm ana*aakA^ »kit  lan>Afcea>«xflh*fi*N am« Id a eantvalllB* vwmw   w^w    n|^««««    »«^»    «via   »www   WwvwSv^HHvw    ■**#    wm   m   »»«»«w»» •■■• 

fMtor. The rataa of thaaa reactions My ho «• high «a 10** as3 MO*1 

hat tht reouiromant of activation anargy protCl.y laiini the figure for 

ambient atmospheric conditions to «ha order of 10"12 ** «a* a"1. U 

oonai4aring MM aaaantial property of exotbaralclty of tha react IMC, 

only tha ground ttata of tha reacting species CM raalictically ho 

considered. An inspection of the poaaibla reactiona (oxofchcralclty 

hut not rataa) CM ho MOO with the aid of tha potential «all diagram«, 

tor axampla, Meng the following raactiona (4) and (9) aro permissible, 

hut reaction (4) la exothermic only when for reactants in particular 

elevated states. 

X (V) + 0,* (X2 TTg) -»> X0*<Xl Z*> ■► 0<3»> «- 3.» ev.  (4) 

M2(X
lZ^) •► oVl°) —» X0*<Xl X+) ♦ X <S°) ♦ O.i ov.  (3) 

M2
+(X2 1  *) ♦ 0(3P) -*> X0+(3X+) ♦ X(V) - 1.7 ov.    (6) 
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On* can obt«in icxa* id«« of th« rel« of thai« reactions by coaperlng 

th«« %»ith i«y dissociative recomblneMon     Tint r«t« of <0.   + e-*0   + 0 ) 

it of th« order of 10     en   t" , cunsequantly, eh« rat« of production of 

0 «t 100 has by «HI« «ethed ie: 
. 

<w»> o » if») <»••> • e « to1 «** sl <7) 

. 

Raaetlone (4) give th« representative figure for production of NO and 0 M 

a   a   »t9 m%    *i 
<1 R MT) <»*) (it*11) a i « t« m'> t'

1 

- ■ 

while reectio* <J) for production HMTni« yield« 

<« i w") a « »Sue'11) - * K ie* «■•* «•* 

f«^ifelAa\l    sTiaesVe«'   #itfa««##4 *i 4a>e*r> a    «ivam    frAetav*    #«*<■   #>fc^    4 jun   «%#««•■   4Ma>«*e»AkBlkAj «V^VTOV •»«••>     •»•»•   VJJ^gg^AM ewl**1*    v^e*P    wSe^gTft*    •>■»»     %>MV     *ves    V*W    »nftflVRvnfl 
i 

reaction« einee th« «ctlvation energy of th« eonpIMMB (M - 0 - 0)* and 

i 

(V - ■ • 0) «r« unknown and wither cowplsx euffars fro« obvious steric 

hindrance. Although thai« rat«« c*n only be coneleered ae 

the valuae arrived at do point «it MM probable layer««««« of thee« 

reaetle««. 

In th« F-rsgion, both the VI ami the Ruealan rocket-born« «ae« 

■p«ctro«etere have Identified 0* ae *kc doalnent positive le«. The 

ratio« of populations of H* to 0* era given In table 7 for «ltltudee 

of ISO to 700 k«. 

44 



. 

^ 

« 

in 
i 

A 

a 

in 

o 
M 

i 
o 

3 

V V 

11 

i 

1 

1 
■3 

*p 

I 

1 
*>_ 

1 

m 

N 

{ 

\ 

2 

( 
o 

CM 

3    3 
2 

«VI 

I 

•i 1 n l 

I 

I 

i t 

t     ; 

t     1 

! 

'.t a 

- 

• 

I I 

\\ I1! 

1 1 

§    §    § 3 8 

45 



2.6 PtiiSiYi Sgft ipMitÜÜ 

OM «ight anticipate on th« batia of th« published erotf «actions 

and ne«hauisna of electron «ttactuesnt that th« predominant negative 

ion« Mliani in th« D and I region« at night will 1M 02" M4 0*. In 

Ska deytin«, photo-dataahwent would b« vary «ffaetiva in daatroying 

th««a negative ion aaaeie«. In «fit« of this, th« only dlr«ct ob««rv«~ 

tits <T«%le Ü on WOgai»«« ion« *«• «ad« during a day flight; (no n«g«tiv« 

ioma «or« dtiitid in «ha iiatit ft toot Y 

Tahla • 

»,* M           *    M.S 

02- .t ? .1       M 

I 29 

f tt     1.0 " 

1.063 l*     0.7 

If «ha faet that th« prob« dot«ct«d nagativ« ion« only in tha day 

flight« c*r. ho attributad to IOM «paea charga aeeunulatad by th« 

«erriet and not a perturbation of th« environment, th« ncaaurenent of 

• coapletcly predoalnent negativ« ion «p««i« a« HOj" appaar« to hava 

basis of validity. 

Lb 



! 

would ba a rapid day tisa procaaa at ICO kai and abova.    Tha vartlc*! 

datachnant anargy of 0" la known tu ba of tha ana» ordar (1.463 av), 

and baeauaa of lta high a 1 act ton affinity, axothamic charg« tranafar 

to anothar eaajaon ataoapharle ipaela la Inprobabla.   0." can ba con- 

•uaad with «Buch graator aaaa if lta vartlaal dataahawnt anargy la ae- 

tually 0.11 av («hit valua My rafar to phote-dotaehMant fro« tha 

4 f t" atata).    02* alao partlelpataa In atonalem «id charga tMhajaja 

(02* ♦ 0-* 0% 02 ♦ -5 «v)  • tha rata bain» of I* ordar of 10"l2amW 

us 

■ 

I 

- 



3. 

• 

. 

12S2M&I* 

In discussing th« Ionisation In the etmoephere, It la convenient 

to divide tht fir it 1000 km of the atmosphere Into two regime, «1th 

tht eltltude of desttrcatlon orbit roughly eat et 60 km, (Thll It 

elightly lower then tht boundary eet by tht eompatltlve processes tf 

mixing end diffusion (ete Fievra I ))  UM upper region it ahtwcter- 

litd by tht preseneo of free eitctrone which mtkea It eueaeptlble to 

investigation by redio-frequency sound In« «hilt et tht lower altltudee 

negative lone formed freei etuehMtnt of iliggg !■■ it molecular 

• in  » WQ tVti« iMj 

tht lover reeion 

tht Mvatl ionosphere It tht reeult tf photolonl eatIon 

by solar electromagnetic red let ion tt omtcgits equivalent tt   etd Ittt 

then Lymen-bi   .    line* tht sources tf lonltttleu trt distinct, tht 

two regions tleo dlfftr in tempor«i tad opttlal vtriationa (both 

reguUr end tbnorael). 

Atmospheric Pertmttere (0-60 km) 

3.1.1     Ion Equilibrium la tht Atmosphere 

Tht concentretinn of lone in thisreglon of tht atmosphere le 

determined by en equilibrium between processes creating lone and those 

removing them. 

Ths four basic equations for small Ions (positive n., negative n«) 
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SMALL ION CONCENTRATION DUE TO COSMIC NAYS 

39° 31° 60°       g*omogr>9tic   latitude 

i 

3 4 3 6 

SMALL   ION CONCENT RAT ION (cm') 
T K 10** 

Figur*  11 
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and lerge ions (positive N,, negative H ) ere 

(8) 

I 5|,,«-*Va- ^"aV VaMo        <f) 

5*' 'iottiV 'ainaV *Va (10) 

(ii) 

«tart q le tta MU of production of mil ion« 

U it tta rscombinetion coefficient for Mil lone 

a to   § '• oro «to attachment sooffiolonti between mil loot one) nueloi 
w      r 

f It tho combination eooffieiont for lerge lone 

M   it tto concentration of uncharged nueloi. 
o 

Unites tto enelysie le concerned epeelfleelly with tto rttloe 

n./n, end M}/*« it le ueuel not to dletlnguleh tto eigne of tta lone» 

end n le ueed for small lone (of oeoh eign) end I for Urge lone (of 

etch eign). Thie «leo implies tto assumption ttot ß..  ■ J«. end 

P 10 " Pit" fin*lly» lc l- fonorelly assumed ttot |* le email 

enough ttot tto tern tf M^M« **» bo neglected. Tto four equt'.lons 

then reduce to 

$ .,. <X„a ■   /„»«• *l0«»„ <U> 

Under equilibrium condition! thie leet equation givee the ratio 

of charted to uncharged nuclei 
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H/H, 
r io/ r 12 

(14) 

which My ba ustd to datartnlna tha total nuclau« concsntratlon by mea- 

suring th« concentration of Urge Ions. Th« •■oll IM equilibrium 

•quitIon bscomas 

q - * *a * a P m n R (15) 

Thl« fomila has «Mil verified in th« atmosphsrs.    Xn T«bl« 

• represantative v«lu«f of these nlMM quantities «r« glvan for an 

altituda of 1 ha for • non-Industrial region ov«r land, for a nld- 

ouu avaa and for th« ldMlla«d oaaa of na nuclei, probably typical 

•f polar r«fion« at thl« 

TAU tt   4v«ragm Propartie« at MO» m 

Und 

Ocaan 

Mo nu« 
elal 

K 
1.21 x 10"4 

1.05 K 10*4 

2.4 x 10"4 

n^* 
——— ■ 

10!»0 

i««i 

U30 

111 

.. 

Ix 

• « at** 

1.2 ii 10" 

1.1 x 10' 

£ TTT 

4.1 

2.0 

1.1 

3.1.2     Ixohang« Lay«r 

Tha ration of th« at«o«phar« from tha ground up to a faw km la 

char«et«riaad by « conductivity snmllar than that daducad fron cosmic 

ray maasuramants     Tha uppar limit of th« ration 1« often sharply 

daflnad and virlti with Mteorologlcal condition« from 1000 to 10,000 

fast with an avarag« of 6000 faat. 
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In thla region the Ionisation Mt« la augnented by terrestrial 

sources end th« r«t« of destruction of •mull ion« increesed du« to 

conbinatlon with charged and uncharged aitkan nueUl. Th« net result 

la * reduction la th« concentration of «Mil lorn to 20 to 30 yer cent 

at fete IMIU« MmmmMMtd «Ma irn— -in  *&v  iMtiMCisim    fete  IOMH   «*1U*I 

•**«£ found «««v sources of atoospheric pollution. 

layer th« atmospheric conductivity 

•■■■FWel     it^«j* «*p «kW ««     «^aT *• » *W*S    W«a t>tl     %» «J«fBfl %     t»     AM • pV     ▼«»«) **■ fj IVH     If     «JwfffJffi    we»WfVfefJ) 

the Ujror.   tto ralMi« tf nuclei into the atawepher« «ad th« tutbuloa» 

and eofivMtiv« alalag 1« th« iiiiibJapjs layer «41 ehe*» • «*rk«d -Hurnel 

variation whloh r««ulta in « seiieiaaanMn« latfttifte« ef conductivity. 

Thsr« ft«, ft« addition to thla   set« or 1«» Mietet change, an Irregular 

variation la conductivity oawiaajconlliig to alr-aaaa ohenfea. 

3.1.3     taall Ion Concentration 

Above th« eaahteji lap«* end uf to a height of about «0 km, th« 

concentration of enall ion» ft« fouad to he given by 

W,J 
(ID 

where q 1« the rat« of production by comic ray a and e< 1« th« recoaibln« 

atlon coefficient far ««all lone.   Ilnce q ia a function of geomagnetic 

latitude aa wall aa height, the variation of n with height la alee a 

function of geowngaatle latitude.   Valuea of n cowan, red for the four 

geoaagnatle latltudea 3°, 31°, 31° and 10° ere ahown in Figure 13. 
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Btlov «beut 1 ka the occurrence of Altktn nucUt ind tarreatrUl aourcaa 

•f radioactive Ionisation reduce tht conductivity »«low the values 

glvM, 

3,1.4    leeosblnatlon Coefficient for tsaUl loo» 
-■ 

The recocttlnetlon coefficient lot «Mil Ions in «lr it • function 

of rsneersrnra end ereaaura     Ova* that ariiiuri ranee ?«0 Mi No dem 
I 

to 10"atoi m (f to 7» tm alt*«««») tho eoofflalont U satisfactorily 

given by Thcooson's eaarecslont 

if . i.?i H »'V1?)*1^1 ) *f <«> <4» 
77 ■     * 

lo^UBaoA 9   4oi   #aaam   a>o^BOMAosiAlbaoloft   /aläiawAAA   ■tam1a#4ah\ wOTeW   *    »V   IM   IW*fWMIIl   VVt^nPVI   IMtYoVM/ 

•ri    see»    wooW        le^e»H   •^rlFÄ**^Pwt*W'tj    irM^Ht    ™ ■    VTW    ew^Foww 

1« «Moll f la too treasure (ox Ig) ond lA/L la tat ratio at «IT of tho 

«ffjan fro« »a«« of a aolooulo to that of a« ION, and the function 

f o-i-^j [i.<«*i> ••■y (ID 

lo §iv«n la Teble It. 

Value• of «* , aasualng ■ ■ •§ a.«.a. and 1^/L • 3, lor tho 

ItSf AIM Model atmoephore ara given in Figure U for tho range 0 ta 

10 ha. The aee level value for this Model la «* ■ I.eO n 10"6 o«3tec* . 

For helghta greater then 30 km, tho funetlon f (x) oay bo 

^4 
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cloaaly approaimatad by £<»)■* */J \* < O.OSj 

and tha formula for **   baooaai 

7/2 

f" It» 
1.1.1     lrUard • • Formula« #w Attacha»nt Cmf fiaUMi*"-* 

atta.hm.nt ootfflclMti an d«f lntd ft* Iwadmi 

1 

ft_ toft»* «Mt*» «HI MM Mi M. tei tavtaf • 
■ 

^ r  MIHIU pciltiv« Mill MM Mi WMlM k>VM| » MMttM MMfM 
■ 

Pi» 

i TIM Mfcftt ara glVM fc? 
.w_  

ft     .kJLLA *«      »4HI 

im 

Pi*     'l<0,»> X<0.-P) r*     u%** 

Ko^-jTt» ■•fcö -^ 1 u *   MW-IT 
and 1' and DM art tha diffusion coaffleianta of posltlva Mi na«attva 

■nail ionss 

(ii) 
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•BSBB 

wher» r is pratsur« in n H| ind T li the absolut« teaeevature end * it 

the radlut of tit a nuclei. 

1} - tK'/D'a WV0"e- (e.il ft 10"*/*) (tM/T) (It) 

and a li the eloetronie tharse. 

t. M ^.«1-1 .„It-.U. «. M. «ttHNi U 

, It 11 »Nil to «mat V • r w* I' • r.   In Mt WM MM 

aoeffiainatt are faetrtanii 

^ w (•   ^w) ftt itmCitt el »all IMM with 

nualai (p - 0) 

flail 
■ 

r"    KQ.-l) 
(ID 

*lo"j<f) ,♦> 

whar« D it the seen of 1' and D".   Values ef X at a funatlon ef 1} ate 

liven in Figur« IS fer integral value« ef p Between -4 and +S.   Tee 

variation of   B .. and   B ,- with tiae it thovn in Figure II fer tea 

level (F ■ 7*0 a» H|; T - 2|I°R) end 10,000 ft (F ■ 323 nn Hg; T - 2U°X) 
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Figure IS. Effective Coulomblc Fore« Vtriui *) 

59 



T   •»   *   K «0       <0        * 

Jill   I 
.      0»   «    K,      <C       IT) 

SI: 

\ 

hO 



5.1.6  Ionic Mobility 

(a) IMII lom. The aebility of saell loot at MM teaperetur« 

(SMPK) and 760 ta^ are 

1^, • 1.4 M*fM*& VOlt"" 

k ■ 1.7 ea ate  volt* 

Tbo Mobility is inversely proportional to dansltyi bone«, tho 

value at oaf hoigbt any bo easily ■•apotod uiing too footov {J* I fQ) 

given in tbo 41M ItSt MMOI Ateeephare (ooo Figure Moo* Toble I). 

(b>   Large Ion».   Too nobility of Urge loot in too loaoot to« 

ka of too ataoiphere lo edee/jately   givtn by tbo •tokea-KiUiken 

rolotioni 

o-O / («IT Qa) (24) 

oatti o if too aloetronic eherge 

tj it tbo viseoiity of oir 

o it tbo radius of tbo ion. 

Tbo ataeapberie largo ions ere aaiwmad to bo singly chargad.   Velues 

typical of conditions ovar land and oeoan ara 
(a) (k> 

Land 2 x 10* ea 0.0024 ea sac"   volt 

Oeoan • x 10   ea 0.0006 ea fee     volt" 
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LOO* MNtlTV   Of  AIR     OK-CW» 

Fliur« 17.   Mobility of I« 11 KM of Ono llgn Vorouo AtMiphorlo Douity 
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3.1.7  Kitetrie«1 Conductivity 

• 

The conductivity duo to Ions of Mobility k, U 

(ID 

n. is tht concentration of 1M» «ad o thoir ehnrgo.   I« tho 

tho contribution *M to Urge lono It nog liglblo ond only 

«i 

>.. 

ijr at density 

tlM OtSSSOObOM 00 

plotted «here 

^^■T^SH^S^SJ^SWP^^S» **gv  ^SMV 

too eeodeetlvltv increases teoidlj with hetOHt lo 

4« figure II.   Tho totoi unloulvlty ), It 

l.t 

X«    X**    X. ■»•(k/h.) 

Too D-nogion 

CM) 

Tho D-region (approximately »0 to IS km)  hot electron-Ion 

pair production processes which or« to too» extent distinct fro« those 

ohorootorlotto of tho «in ionosphere. Th« region lo of particular 

lntoroot for, booouio of Iti rolotlvoly high olootron ooUlilon 

frequencies, It is tho toot of absorption or ovon bloekout of ionospher- 

loolly propagated radio waves  lolor rodUtion reaching this oltitudo 

ruin* (see Pl|uro 19) is boiioolly llmitod to X-rays below 10 A, 

Lyman- o(   < X l213 7). ond photons with wavelengths greater thon 1100 A. 

: 

fsämt 

«3 
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CONDUCTIVITY (§,$.§J 

Figur«  18 
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In addition tolyn»r.-0<   thara li son» contribution of phetoni with energies 

lying between the loWiroann-lunge hands of Oj (1100-2000 A) and 1« tha 

narrow ataosphorlc windows at   X "lb,   \ 1117,   X 1M7,   X MS*,   X IMI. 

and X UM.   Hi tin latter Individual wavelengths, unit optical 

depth of id)20 moleoules a«"1 column"1 if normally attained lav vartioal 

incidence at ebout an altituda of 75 hay. 

Whereas Ma aeaeptcd ioUr flux in tha 10 to 1000 A raaaja haa 
mm 

»•an radically modified by tha raoant observation of Tousey        and 

af Bintnranar<M), tha thraa apaetral araat which at a tha principal 
(•A) 

of tha D-reglen aa raportad by Niaalat and AiheV   ' have 

raaalnad aaaantlally unaltarad.   Tharafora tha asaeplsd ajaaamsi (ant* 

•Ida af seme raaarvationi In regard to composition), ia Hill wavy 

naarly that |ivan by thaaa investigators.   Tha following brlaf summary 

of thair aatarlal is inaludad for completeness af praaanutlon. 

3.2.1  Composition 

X-rays ara capable of ionising all tha atmospheric tpaeiaa 

(mostly molecular nltrogan and oxygan at thaaa altituda»)\  hat Lymen- 

alpha can only Ionian nitric oxlda, and ?\ 1100 tha law concantration 

metallic atom» of »odium and calciam. Tharafora. tha composition of 

tha "trace" cubataneas ara particularly important to tha dynamics of 

tha Ionisation. 

Tabla 11 Is Mcoiet's varslon of tha halght variations of tha 

particle densities of the main atmospheric constituents between 50 and 
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90 km.    Also included »r« th« absolute tempersturss «ad the total 

number of particles in • cm2 column [A(N)M]   .    TH« total damitlai 

agree reasonably mail with those quoted previously     In regard to tha 

MO concentration which li Important in lontaatton by Lymtn-0< ,  tha 

concentration ig probably too lew to be measured reliably.    lieolat 

hat obtained a« estimate of tha concentration by Inspection of tha 

production and dissipation processes involved.    From the data Of 

Kletlahowoky ant Volpi<25>, tha rate coefficient of tha reaction <« + 

«,*. m ♦ Ü ia 1.9 x 10-» ft amp (-elOO/lT) an« tha rate of tho probable 

dieeaeetlve mat ion of MO (ai suggested by lieolat, M + M0-*M2 + 0) 

is 1.9 a 10"11TV   Therefore, the NO concentration is determined by 

MM relation! 

»0») - 10 * n <0a) amp (-9900/11) (97) 

with th» proviso "that tho number of nitrogen atoms are sufficiently 

numerous". Tho condition, of course, points up tha tentative nature 

of the analysis. 

9.9.2  loniaation 

Mloolet and Aikan* *' discuss some aspects of the loniaation 

mechanisms whinh contribute to the D-layer formation outside of the 

auroral tones where solar protont and alectront can be the controlling 

feature. The details of energy deposition of cosmic reys end solar 

corpuscles are discussed in Cosmic Rays and Geomagnetism^ ' and in 

Energy Loss Processes of goler Corpuscles in Air '   , both 
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by Mawrockl and tape,    Nicolet and Alken give the following rough 

eetlwat« of th« geomagnetic latitude of fact. Th« Ionisation rat« ''cot- 

mlc ray«) «t altitude! above 40 km it ralatad to th« gaomagnattc 

latitude 6 by 

vh«r« n 1« Uten to b« 2.3 x 1019 cm"3, and n li th« molacular concan« 
« 

tratIon at th« altltuda (a)  For a r«pr«tentative caee, that« investi- 

gate™ conelud« that that« la a faster of epproxlmateiy 10 in going 

fro» th« magnetic equator ( $   - 06) to th« nagnatlc letitude dj ■ e0°. 

Thalr further attartlon that the electron dentlty variat et q cannot be 

eonaldered reallttlc in vie» of the preponderance of 3-body attachment 

(e + 20.) te a Ion meehenltm at these altitude«. For tuch e dlttlpe- 

tlve meehenltm, the eieotron density veriat linearly with the production 

ret«. This feature is borne out qualitatively In Figure 20 giving the 

variation with altitude for the ratio of negativ« iont to electron» 

The X-rey contribution to the ionleetIon rete la given by 

q ■ X» n w*V  • where 1«  it the toler intent lty end tX^  the 

crett teetlon for Ionisation, both at the wavelength X       The machen- 

ltmt fer Ionisation, predominately photoelectric end Kleln-Mlshtna 

affects, (erott tectlont calculated by Dalgamo) ere dltcutted at eome 

length by Newrockl at aT Of particular lnterett are the data gathered 

from the literature by Nicoltt and Alken for the variation of the 

Ionisation parameters with tolar activity. Tablet 12 and 13 give the 
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variation In X-ray intansltlas (X) an* tha imitation ooaffleianta (t y\?x ) 

wH.it solar activity and at tiaro optical depth. 
■ 

Micolot's Sttojaatlon concerning tha possibility Of tha photo- 

lonisation of «0 at a contributor to cha leniaation of tha »into» 

was placed on a quantitativ« basis by tha photo-Ionisation euperlacnts 

i 

of Watanaba and Mare».   Wetenabe raportad that at Lyettn- a* , NO 
* to     a" 

cross sootion of 2 a 10*U m*.   That Lys»n-0»  eould 

tha altitudoa ol th« ■ rmalm e»s ISM i il bv tba • •■Vf    aBBDSBJSBBBJBBBBBJBBBB^Baj-    w«      V*BBSJ     SJJ      BJ^BBBSS^SPW    WPV      WSaSSSBS^BB'Se ■ SI SSJ^W     _ w aSSBV 

H»gsav^as|, ** »i aj^ AhiatiM«! thai AitiAMMitlofi or** A iMtion of aolACuIair **" escalope» w^    «I    a» •    Wissasi    VPBsyiBjwajBBBBSBBw    vasssj)   aivvvapaawH    «■ wtp    svatavH    w«>    aawv^ws^a 

11 mis Mi« IsV* am .   It rat» Inad for Mieolot to oa lau Uta tha) 

concentration of HO and raUta thia to tha Lyaan- W  flu* of S args 

a«"2 aoa*   »Matured by 

flat Ionisation rats« for tho various radiations wars computed 

by Mlcolat and aikon according to 

,j -   g^|      •  o«,^-I  n^l aooXj <2»> 

where tho j subscript rafars to tho Jth constituant, I ia tho Ionisa- 

tion rata coefficient corresponding to aaro optical dapth and tho ax- 

ponant rafars to tho unabaorbod fraatlon. In othor worde thia torn 

oorrasponds to tho optical dopth *Y%   tot *n ovorhoad aun multiplied by 

tha solar sanith dlstanca )£    Tha optical doptha for Lyaan-0C 

and X-rays ara givan by 
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^ • n <02) K^  (02) H (30 

«bare K^ it tha absorption cross section.    The wit OftleftI depths for 

ft» «rftVftftft« ft« for » ft** Lya»»-« radiation« ar«. 

**> t ♦ • UH 

(to) 70 »0 87 71 
i 

The conventional equation of Ionisation bale« 80 ka is 

by Mlcolet and Alken a» 

*•**■■«*-*»* 

""••    ^ «     ■^^B^PJ**a»**e»1     e^eajaj    V ft) wW ■ ■> Waft     p* »Wl» • •WM     fttwwW     •*•      • •■■»     J      ^V«IV|     ^Pqj 

represent the effective IMMBIMAM between positive Ions and electrons 

and Xthft ratio of negative ions co electrons.   Aseualng that processes 

dealing with attachment and dauehaamt of electrons ara rapid than 

dX/dt - 0 to that 

—*   ■   —J- • °* ft- <M) 
dt 1+X • • 

Thli than represents a praetlaai aquation for calculating th« variation 

of tha alaetron concantratlon. Tabla 14 and Plgures 21 and 22 glva 

tha calculations of Hlcola*. and Alkan for tha expression (n n ) pro- 

ducad by tha thraa sources at altitudes of 80, 70, and 80 km, tha 

variation of alaetron density with solar aanlth angle, and tha variation 

of tho alaotron donslty with solar activity, respectively. Figure 23 
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3.1X10« 
4.7 X 10« 

3.8X10« 

XKiyi    hymmm 
uxTo» 
8.3X10» 

3.8X10» 
4.1X10»   MX 10» 

8.3X18»wir»-<l+>.>V 

lUy*       XlUy*    Lymaa« 
UKW   MX 10» 
8.8X10»   9.8X10» 

MX IP 
7.8X10«   3.8X10»   7.0X10« 

I.MXI0*wr»*»(l+*>»•' 

8.7X10*  8,1X10» 
8.8X10»   8.8X10» 

11X10* 
8.4X10»   8.4X10»   1.8X10» 

To4»l 1.8 xiO»««r»-<!+>.>».• 

TabU 14 («ft«r NlcoUt and Atk«n) 
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PlRurt 21. Variation of tho lloetron Conc«ntr«tlon with tha Solar Zanith Dia- 
unoa whan Equilibrium Conditions ara Conaldarad (aft« Nleolat and Alktn) 
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•»       »«       10» 
CltCTIMM CONCfNTMATlOM (•«'») 

Figur« 22. Variation of th« lloctron Concontration according to Solar 
Condition!. Mo offset from 33 to 100 A it eonildorad (aftor 
Mlooloe and Alkon). 
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glvos ion •itlnat« of tht «ffoct of »uroral partlclai on tha ioniiatlon 

in tha D-ragion for «agnatio latitudes graatar than o0°. 
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TIM two eoopatlng thoorlaa for tha formation of tha I raglon or a: 

(A) photoionleatloo of 0,, 

oa + hV (000-1027 A>-*02   ♦ « (33) 

,n„MMi w- WH« i „a iaaia«(2l) ^ aodlflad to MleolatC) l mm   mmmmmmrmmi   »y   ■■■■•*■    »OP»   orwwntoo^ OJglP"n>   ■^»■» -»-■— —    *f    ■""■»wwwieif i 

(1) ganoral laalaatloa of air by aoft X-raya (10-100 A) äugt«"«« by 

ii-ol) hava mm» atudiaa to datamina eh« dominating »mim biwm, 

thaaa atudloa mm mmm m rathar lncommlata data and oft.n on 

lMorroot mmmßmM •»•» m blaahbady leUr apoetru».   Maat lmvaa- 

tlgatora<4*>aoom to favor too l-rof thoory on too baala of Utoaalty 

ta by iyram, Obobb, ood FrUdn»n<W,33), «HU Wot 00 ob a, 

», ood Froaamaa***) bova glvan raaaona for tot rajaatlng tba 

nolaeular oxygon tboory. 

Watanaba'i study dlffora fro* aarllar work in that a flux (0.6 

art cn'^aac"1 or «boot 2.6x10     photons om"2aac"1) in tha ratio« 

800-1027 A la auch hlghar than provloua aatlaataa (laaa than 0.001 

art c«"2aac"1 by Byron ü ji(35)and about 0.01 by X«mlyama<41>.    Tha 

hlahar (lux la atlll about oao-holf of Mlntaraggar'a valu«*23* at 

210 ha.   for tha aoft X-ray ration, 10-100 A, tha vaiu« obaarvad by 

Iyram it §±     'ooa uaad. 

* tact ion 3.3 through 3.36 wara takan from OCA Tach. Raport 60-3-h 
praparad for MAJA 
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If tlM selected Intensities ere approximately correct, toft X-rays 

contribute lasa than 3% to the total Ionisation rot« In tlM I region. 

Thus the production of tlM normal I leyer it apparently duo to photo- 

lonleetloo of 02 by tho notion of ultraviolet rodlet ion in the rant« 

•00-1027 A.    ton« 0* torn ere formed In the upper I re|lon by 

reflation in the speetrel realen 000-911 A which Inoludo« tin Maw« 

Lyman continuum af hydrogen. 

During the time af fleres, the X-ray lntaneltlei nay be 

conelderebly and nay «eke a greeter eontrlbutlon to the I regten 

electron danalty.    to feet accord let to Frledmen<**J X-ray latent It tea 

aa high aa 1.0 arg e«"*ae**1 have boon observed.   However, in via« 

af the difficulty in aha Interpreta«Ion af photon counter data<*3>, It 

seems deelreble to further study this speetrel region with annoetf 

atara. 

Aeeordlng to Mlcolet and Alhln<24)the dlssocletlvo recombination 

ratae far M2
+ la SnlO"7 em3see'1 and far O^SnlO"1 cs^sec"1.   If these 

rates are epproxlmetoly correct, the effectiveness of X-ray Ionisation 

Is reduced beeeuse the «lover reectlon 

0t*   ♦ a •» •*  v   if 

vlll tend to control the electron denelty In the lover I region. 

As the eltltude Increases, the relativ« amount of 0+ Ion Increeees, 

additional amount of radiation In the region belov 911 A becoming 

available. following Bat««^5^, the recombination of 0* Ion nay be 
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largely controlled by the reactions 

♦ 0.-+0 +   «■ o 

o; 4 •"-#«• «■ o" 

(J4) 

<S5> 

where 1%. (34) tend* to become eh« rate llmltlnt process; on the othor 

hand »2
+ recomblnee rapidly by dissociative recombination. 

Tho Watsnabe computations shew that the bate of the I ration it 

controlled mainly by Lynan-bota and partly by othar radiation in tha 

•peetral ration 1000-1017 a «bora *2 ia vory transparent,   for example, 

in the eaaa of Z ■ 0°, Lynan bata contributes about Mi of tha total 

Ionisation rate at IM Im and about 70% at 101 ha, so that tha electron 

density curve in tha region 93-103 km should eloeely approxinata an 

ideal Chapman curve,   above this ration there is inaraaalng super- 

position of Chapnan-typa curves due to several prominent emission 

Unas in tha spectrel region 900-1000 A.   Tho results for tha lamer 

I region appear to be in harmony vith tha description by Ratcllffs 

and Vccheat**}t    "The shape of tha layer and the way in which its 

height varies thremgh tho day era roughly what would be expected 

for an equilibrium Chapman layer found In an atmosphere of scale 

htltht • km, with its peek et a level of 103 km for vertically 

Incident Ionising radiation". 

3-3.1    HI« fUn ttt4 rtot9aOTtHU9B CMIf iffUOM 

The recent advances (by means of rockets and satsllltss) In the 

measurements ot the parameters of the upper etmosphere permit a more 
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detelled and quentltatlve study of the photoionltetlon ratet than was 

pravlousiy possible. Nlcolot and Alkln<24> had accompllehed this In 

tha D raglon where tha critical spaetral ranges ara 1100-1340 SI. 

Calculations of tha Ion production ratas dspsnd upon thras basic data 

tha solar ultravlolat flux, tha composition of tha etmosphcre, and tha 

cross sactlons of tha various reactions (macroscopic notion such aa 

vertical drift ara tentatively neglected). Table IS lives reduced 

versions af tha solar flan (as deduced fro« tha meeeurement af Taueey(M) 

and Hlntsreggar<2') \ and Table 16 tha coaraosltlon. Tha total densities 

used by Wat an aha as given in Fit. ? do not Include tha O.B.F. effaat. 

However, below tha F-i «exlaw, tha differences between these tatal 

densities and those of Mlnsner and Jacchle ara saall. For tha spectral 

renge »11-1037 A, the listed values lie between thoss of- Tousey and of 

Hlnteregger, tha latter being higher. Far the range 100-911 A, tha 

eeleatad flu« is about 30% higher than the flux ohearved by Mlntereggar 

at 210 ha hut is about one third their extrapolated value. Buch en 

extrapolation, of course, depends an tha choice of reference atmosphere 

and abearptlon cross sections. For the region 10-100 A» the total, flux 

given In Table 13 Is e little higher than the 0.1 ere. cm"2 sec"1 

obtained by Byran g& ej/ 'who matched the responses of three photon 

counters to e single coronal temperature. Some veluet In Table 13 

ere Wetanabe's estimates beeed on vlsuel comparison of emission lines 

In the solar apectrumC47). The uncertainty In the total flux Is 

probably no more than a factor of two, since Hlntersggsr hss used e 

photoelectric technique which la very ameneble to energy calibration 

and quit« lnsansitlvs to scattered light. 
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TABU 13 

Boiar flux, ^ in th« 10* phot on • ei"2!«'1,  for ch« .pectral rant« 

1027-10 A at noraal lneldtne« eutiltf« of larth'i atvoiphar«.    Tht 

«!*• of vaak llMt Mi contlnuu» ara luaprt toaathar for ««eh lntarval, 

whlia q'i of preatlnant Una. ara llitaa »aaarataly. 

X(i« A) «4 X (in A) * 

ion.? **} •29.7         07 10 

1011 Unas l.l •10,01)     HJt 10 

1008-1017 w v ■ f#4i)        III 1) 

9.9.8 HZ» 334            • XV 1 
177.0 0 XXX 19 ■ A »                         aa_ • 

www                           NB 1 4 

971.) *v F « 1 S20            «1 XXX 1 

949.7 u4 4.« 1                 300-MO •0 

9)7.1 Ly€ 8<] 499             11 XXX 3 

9)4,944 1 vx 1.1 303.8         Ha XX •0 

9)0-1000 • •7 300-300 •3 

911-9)0 D.7 230-300 21 

•iO-911 1)4 170-230 23 

834       0 XI,1X1 100-170 4.3 

800-830 21 60-100 4.2 

711.790 0 XV 40-M 0.3 

770,780 N« XXX 20-40 0.13 

650-800 71 10-20 0.015 
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TABU 16 

Nuabsr dsnsity n (in psrticlss/ctn ) «na layer thickness L (In cm 
rsducsd to 8TF) tt various «ltltudts H (In km) 

M, 

• 

1.16xlOl> 

4.t«1011 

l.SS 

I.SRIO11 

l.l 

1.11 

T.Ulf* 

2.4 

1.10 

3.7xi09 

3.1 

a.i 

1.42 

7.SK101 

4.4 

2.3 

S.lxlO7 

3.2 

1.32 

1.9xl06 

4.t*lOl» 

1.42 

t.IxlO11 

2.7 

1.1« 

3.7x10** 

3.1 

l.f» 

S.Ulf1* 

2.7 

1.12 

1.07 

7.3xl09 

4.0 

2.4 

1.12 

S.lxlO' 

1.37 

7.2xl07 

1.6 

0 

s.imo*1 

2.36 

1.30 

7.2x10"* 

4.1 

2.44 

1.14 

1.07 

T.Ulf4 

3.4 

4.4 

3.7 

3.1 

2.37 

1.17 

1.33 

8.4xl0'5 

3.4 

3.6 

1.6 

T 2.14x10 

• .Ulf1 

3.4 

1.43 

•,3xt0'3 

4.7 

t.N 

1.41 

I.U10-4 

3.2 

3.0 

2.02 

1.97 

1.22 

7.U10"5 

4.3 

1.43 

6.3x10"' 

2.6 

4xl0"7 

3.3 

1.4« 

7.U10"* 

1.7 

2.14 

1.34 

6. OHIO-3 

4.0 

2.43 

1.03 

1.34 

1.03 

4.2x10"* 

4.0 

2.1 

•.4xi0"3 

3.2 

1.61 

4xl0"6 
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The longest wavelength In Teble 13 corresponds to th» fit it Ioni- 

sation potent1«1 of 02 but It should bo noted that photons of longer 

wavelengths eon lonlM sn 02 which is in an excited stats.   For example, 

at a temperature of 1000*1 about 10* of 02 molecules aro in tho first 

vlbratlonal lovat; hone« radiation of wave lengths up to IMS A eon 

ioniaa those molecules.    Si the altitude region above about ISO lest the 

solar 0 VI emission lines at 10SS A and MM A with intensities 

(6 x 10* photon oaf2 see"1) comparable to thet of Lymatv-bete can 

produce see» iOftitetfwa.    As to the ebsorption and photo-Ionisation 

croee sections, existent information appears to bo adequate since the 

effects are integrated over many wavelengths.   Watenabet**) hex 

isviewol tie dato on ebeorptlon eroee sections and has listed in 

Table 17, is in XUandad values for 0g and H|.    Ilnllarly, Dalgarno<**> 

hae preeented sets of reeoxx«nded values for 0 and I etoma fro« their 

Ionisation threshold to O.l A. 

The wavelengths corresponding to the loniaatlen threshold of 0j, 

O, and M| are, respectively, 1027, 911, and 79« A.   Calculations of 

photolonlaatlon rates require both the total ebsorption and the 

photolonlaatlon oroes sections of these constituents, elnce part of 

tho eoler ultraviolet flux in the region below 1017 A Is removed by 

absorption proeesses not leading to Ion production.    For example, 

solar Lynen-ganma (972.S A) can Ionise 02 molecules but it is alxest 

entirely absorbed by N2 molecules at altitudes above 200 km and 

therefore makes a negligible contribution to the B end F reglone. 

Aa pointed out by Kato^    ',  part of the solar Lymen-beta la absorbed 
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TAIL! 17. 

Absorption cooffleiont k <c«"1) of «2 and Oj £or IOM solar 

ultrtvloUt HAM in tht roglon 200-1000 A. 

' ? ' 

■       IWIIIII.       «I i ■HI«    H II I ■IN» ■ II 

K<*2 ) * (0j) 
 '  um wimi ii   urn    «in liiniiiiiip 

9AA M0 

llil 

(lb '*** 

(Ml » 

166                                                 300 
-   , 

320                                                    jo» 

too 

J#.7 (o in ISO T 

m.t •f •70 I 

«17 (out) 91 070 

Ml. 3 (0 1t) too 300 

•3S.7 (0 III) SSO 340 

8S5.3 (0 111) 110 soo 

•OS.6 (C IX) . sto MO 

»OS.9 (o ID IS 240 

904.3 (G XX) 230 210 

937.8 (MX) 200 113 

949.7 <H X) 90 100 

972.3 (K X) 7600 1000 

97/.0 (C XXX) 100(7) 90 

909.8 (H XII) (?) 80 

1023.7 (HI) 0.01 45 
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by atonic oxygen, but tho Mount «»poors to bo snall^53^ duo to tho foot 

that Lynan-beta 1« broadenedj thla la alto tho ooao of lynen-alpha^52). 

Atnoapherle abaorptlM In tho «poetrol region 800-1100 A which la 

ont to tho I ration it essentially controliei by 02 on* Hj.      For 

both tho ooeerptlon ani photolonlaotlon eroes eeetlone hovo boon 

by Wetanebe and Harno<M> ot neny wavelengths,    lot for If 

published data 

ob sorptlon 

aa hlfh aa 7WO on-1 In this region,    iono onto by Xtoaoto «4 a*1 

^ j     « e. ^ fc _     *,W—    jtjnnmnl Ann4 s>ao    one?    4* Wan    M 

Wan8*V    9 9*4hBn    a%lnms%ft£    amen** A    tA 

.*. 

For ftho epeotral roglon IM IM 4 ««loh la critical to tho F roglon, 

available got« «ro egeln rathor noognrt however, tho spreed In tho 

absorption eoeffiolont la eonperetlvely snail «wing to tho foot that 

sontlnoons abaorptlon sots In for all nojor conttituonts. Tho spraad 

la probably fron 100 OB"1 to 1000 on"1, For enenplo at »04 A, tho 

absorption coefficients of 02, h2, ani 0 ara, roapoctlvoly, 540, 320 ani 

»SO on"1, ani at »04 A, roopootlvoly, »00, 160, ani 2S0 en"1.  Tho 

photolonlaatlon yield la also unlfornly high, nearly 100 porcont In 

nose cases* Thus, orrora In tho eroaa section appear to bo loae 

aarloua than errors In eonposltlen. 
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9.3.2 feaetratlon of lolir Ultra/iolet 

■ - 

. 

The loltr ultraviolet flux at steh altitude li calculated 

by M«M of tha aquation 

«. ■ % •*» <-1 *t \) 

whara qQ end q ere tha incident «ad trenetaitted flux for a given 

wavelength, k - absorption coefficient of aaeh constituent, «ad 

tt la tin layer thlekaeee for aaeh conatltuant aa "Ivan In 

table II. IM tranetaleelon, 1 in pareant. la defined by 

t - 100 <!?> 

Tha reeulta for particular wavelengths ara shown u Figure 

34 for I - 0°. figure 24 lndleataa that for 1-0°. radiation 

of wavelengths 000*101? A la abaorbed aalnly In tin altltud« 

100-1)0 In (I ration), while radiation In tha rant« 100-000 A U 

absorbed wostly at aitleudaa 140-200 ka or tha lower f ratio«. 

Only a aaall portion of tha aolar ultraviolet la ahaorbed la tha 

ration ebove 200 ha at S ■ 0° ilnce tha ahaorptlon eoefflelent af 

tha taaaa la laaa than 1000 oa* at most wavelengtha. Aa Inter- 

eating exception la Lyaen-gaaaa, at lta wavelength, h - 7000 ca* 

for M. and about 1000 cm •1 for 0.. Tha raaulta for the depth of 

penetration are soaewhat higher than pravloua setiaetesv*"becauss 

tha recent ataoapharic densities above 130 ha ara higher then pre- 

aatelllta data. 
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TRANSMISSION (per cent) 

§0 100 

Figur« 24.    'Tratumitiion «t Normal  Incidence Versus Altituda  for Savaral 
Solar UV Emission Lina«      Broken curve  i»  lor air with affactiva 
k - 1000 cm"1. 
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The ealeuWtiena oan be cheeked «gainat photographe of 

i?Ur ^•«tn».<47)    For «M»li, th« lelit C XXI 11M at 177 A 

MMtMMf to *MM UO W «M tyMn UM MM l« Mt In» «ft 

ItriWit With VMM« MMMMtto» «AthMfh M MttiM* «UMMM- 

■Mi M» «MMi M M^WHIB  •*•  «■■■»«■¥»»  "■■■^■**  ■»"•■ 

tM aMileble «MM» Mt «till MMf f UiMft M pttoftt «Mil- 

tative IMIIÜM,   ft MMU «lie be r*««d that laboratory 

*k «HIIM •«^MC-A^^M* atow ■«» W« «iraefclV e—Hnehli if AM "WwlfiMB    wWilWMMl    M^     M7*     MM     M""wM/     ^M^y     ei^^e^e?» 

loUr MftMMft liM M MM MMMf MM tM «0Xr«§p©Ading 

UMd M tM IMMMJMJT.    MM MMJMM M Ml MM in 

«A^M    «klak la  ■*--*—J MMMMIa M «IftfiMiM MlWf Ml M. 

fjM,„ «a «. Ä*Ä0 eeaiiitrat with A« mU a) MM in MS * V     •*     **     MMMM     VMftMMfti »MM MM ^^ 

It Mil 1M-170 tft.    ti»M tM ftMMM) MM tf 

ebaorption of radiation in th« MM» 100-11M A MMVS la MM 

reaien. MM» MMU M coaaiderable heating MN. ■■■■■■•    ^^**    ■■■■•■   •• --••    ill ■    ■■■■   tmmmt 

3.3.3   FnotoioniMtion IMM 

MfMMiMM let tM *M« Of ion-pair MOMOtiM in th« 

«MMfMM under tM Mtion of loUr r«41«tion have MM derived 

prevlouaiy by Chape***55"57* «nd othere*5'"5'* Ming varioue 

aaatuaptiona.   Th« eri|iMl ChapMn theory*   ' IIIMI monochromatic 

radiation,  ieothamaA atMaphere. «nd • eii.gla |*i conatituant.    Tha 

theory haa beer« extended to include other aaaunptiona auch «a vary- 

ing aoale height* ' and band ebaorption.    ' Theae darivad expree- 
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•ions serve es valuable theoretical background but cannot b« 

applied raadlly to tha present conditions (varylni composition, 

varying seala height, ooaplax solar spectrum and «any absorption 

and phmtolenisetlon cross sections), Tharafora, it was noeaseaty 

to rasort to numerlcsl summation of tha various tempeneats for 

a>W   1 «MttH AJ«iM«a« 

The photolonlaatlon tig« p In ion-pair em"3 at«"1 at a 

F.T,V (lrt nt> 
pomp     m 

where aw ft« tha ft flax f*r a given wavelength at tha glvan 

«***•* 

altitude dsflnad by Ig.(N) fr  ■ pheteioeleetleo cross section 

of «Mil eonetltueut at saah wavelength, end n£ Is ths muabar 

danalty of eceh constituent at tha glvan altitude. 

It la af interest to subdivide tha total p at each altitude 

late contributions fro« several spectral raageai 111-1017 A union 

lonlsee only Ojt 7M-911 A uhieh ionises hath 0 and 0%\  100-7»» A 

vhieh ionises 0, 02 and aV| and 10-100 A which is absorbsd la tha 

I region,  figures 23 and I» give tha photoionlsatlon rates for 

I ■ 0° and I ■ 04.3°, respectively. Tha broken curves represent 

the contributions of the four apaatral ranges and tha solid curve 

with two principal maxima. • end d), gives the total rate. Figure 

2» elso shows secondery maxima between i and *?. For 2-0°, the 
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loner mtirnm it et «beat MS In (1 region* «nd the hJgfcjr 

aeitiaua le at «beuit IM «a (eenoa of the f{  Hfgaf». for 

I • i*.3°, the eorreeronding aeKiae heve »htfted to IM end 

IM ha, tetyectivety. The Utter shut of the ae*i«*f II 

due to the lerie i«ele height in the region «hove 150 Na end 

it the beeie fer the foramen of the I', region. 

, 

the «*aioiaali«tloa retet <we Table il) at • «*«■ 20 «• 

100 ttW lergtr the« thote <*aeutod by Kevine. »rieda«n, «nd 

■alhart.(li| .nd ere am at.rly to «greeatnt «it* ratee lealled 

by redio aoeeureaente. 

Tehle II 

►at with re 

fHOTOIOmiATlOW IAT» {*% tell oT* MC*1) 

Altitude (ha) IM 200 2M M0 3M 

llevent fi li 200 •0 20 s I.ft 

freient etudy 
1 - 0° MM 21*0 190 vo ISO 

1 • 90° 17 36 12) 155 115 

In *ddttton,Jahneon*   ' found it nece«Mtv t* inereaee the flux 
(at) uttd by Htvena g| ej.        by    ft (tern tint» In order to «ecoun* 

for the high reaper«turee enta« jng in t region, *nd hi* indirect 

estimate ot  the flu» for the Hi VI  '. inf  it   i04 A i« rtm«rli4bly 
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•UM to Hintereggar's'"* multi. 

The cosataretlvely hlfh Ionisation rates in the t region tor 

1-90° show that Ionisation 1« this region 1« not negligible eaen 

during MM twlllgh* parted.   Uta ionie-tion rat« at about MO ha 

changes only by t facto« of two throughout th« day, hut at 13* ha 

th« changa la »ore thaa a faator ot 10*. 
i 

1.1.4   FenMtlo« of tha r laglon ■ 

At « Mahlt of UM «Mt art JaahsW*1* snd other•, tha 

iiMlft of a v«rtteel distribution of electron density aa a 

NMNiira of tipiOT haa hM« repleeed by ehangaa la tha gradient 

of a s»aotoaleally iMreaelng function (to th« f-2 ruwiasa«) f an«* 

?{ "M«M" hMOM region« of high alaatron density gradient 

larly theories(63> of tha r-Uyer ueueUy involved two 

different sbsorptlon proeeeses to explain the origin of tha tu? 

F regions; hut eceeMlng to Dredbury'i hypothesisv ' beth 

"laysrs" are produced hy tha saae radiation and tha double Uyer 

le then due to tha rapid daaraaee of recoablnatiou coefficient 

with Altitude, leres*4    considers this hypothesis to he 

essentially correct. 

Matsnebe's study of the virlnv;« rtdlition «nd rslsted arose 

•setlons has felled to revest «ny phototonittti'm prccsst giving 

mtxitnem, n'on>time rstt in the F . region,  A* «>H >wn in Fig rr .4, 
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L 

Lyatn*g«a»t If l«rg«ly absorbs in th« Fj r«gion by »j rathtr th«n 

Oj, to Its «baorption rrovld«« ntgllgtblt «mount• of lonisttion. 

Tht radiation r«*pontlblt for tht ion nation in tht f. tug 

P. rtglont litt 1* tht brott optotrti ran*. löO-ltttd 4, «nth tl.t 
a» 

X* A lint of Ho XX «a tht atrtngtat tsltolM lino Ml with l«rg« 

contribution« froa tht lottltttlon eontinu« of hyorogon «ml htllu«. 

At ahovn In Vlgurt 25, ultrtvloltt lot in this rtngt tt 

vtrtletl lnoldtntt protaitti t ■will lonltttlon rttt tt lbv na, 

novavtr, it tnooiu tt aagguut&oat ante onny wavaiangcn« ant auvarai 

I  aad 

t. ft* etn bt obttlnod with th« «Id of Plgtrt I? 

photolonitttlon rtttt for dlfftrtat ttnlth anglas. At «unrlt« 

tht MKIMMI lonltttlon rttt f it tt about 300 ho, appro*taw taly 

coinciding with tht htlght of tht pooh of tht nlght-tla* ttottron 

ttntlty <#v KTcai *>. Hontt taring tht hour gtrlotf «round tunrlif. 

thtrt It t congtrttlvtly high "build up" of tltctron ttntlty «t 

thie tltitudo du« to tht eonhlnod tfftet of tht lev rotogblnotlcn 

rata «nd rtlttlvtly high lonltttlon rttt. At tht ran rlttt, tht 

location of tht iMxlnum lonltttlon rttt #?dasc«nda rathtr rapidly 

to tht f.  rtglon, hue duo to tht hlghtr tacoabmatiou r*t«a found 

at lowtr «Ultuda«, tht f, tltetron dcnaity paak at 100 km do«« not 

corraapondlngly shift downward; inataad, a l«dg* «pp«%r« In th« 

«lactron density curv« and d«acsnda to «bout 150 km.  in Hhir w rd« 
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I RIOION 
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j LJ Mil 

Kigure 2 7 
PHOTOIONIZATlON  HATE (Ion-pair crrr*««-') 

total PhotolonlMtion Rat« Vertut Altitude  Tor Four  Zenith Angle» 
Ar tew»  show the direction ol  diaplnceinent  ei   the pt.iks,   pht, «nrt 
eptllon 
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thtt to-ctlttd "•nUttlat" or "bifurcation" «f the F l*ytr it tht 

rotult of the onh*ttcoo»«t tnd portUtone« «I tht r. port ^ tht ■ 

of tht fj ltd#t.   ThAit tfclt ttudy ttotfortt tht work ■»' 

lt««*fy<*> lotot,(,,) «MI oth.ri, 

t.t.l   IW.tr« ».Mt«, «M »..«tMtio. CHCIUMi U tk* t «•< » 

IporUg vtfttctl drift, tho foUoviM) option •** W utod 

lo MUMM UM tlottroo MMlty oj# itt voiiotK» trtth »UM, 

«v*t • % •«*«/ 

• • tltttron dOMlty, % • tffootlvt tltotrot ptod**Uo« roto 

PMum t*t«w *f 

tf M\o» o «**• tproodi tot ttttaplt laut ood iMotoy'*5* 

I « It'VAoV1 fot tho I Itwr dt lH M) niMm «Mt **»#/'*** 

hovo rtporttd 3 ii tO*1 Ml9 ftV1 ft IM Mi MI, 1.1 * It*1 «MW*1 

•t 14« Ml.   Tht vorlttlo« of •* *Uh tltttodo l« «oroxUMttly 

rtprtttnttd by Mio brohoo oorvt in rtturt lf% 

Poor tho bottoa of MM I r*§ion tt tbout UttJMj, pt<uo«§ i« 

tht rtnio lOOO'lO«* A product «nit of tho tl«c»r>n«ico p<ttrt by 

photoloititttion of 0^. 'tbmption hy 0 *nd K,  Li ntglt|lbtt),    q. 

tht photolonlittlon r*tt.  it vtry ooMtll <t tuttri«« hur reicht* ihmjr 

100 cm* etc"    aftf hau «n hour and exceed« 100 c«" * MC*    in i 

hours,    ly numtrtc«!   inttgr st : ^n *nd «ucrtMlvt   ippr^mm • . ^ r   t* 
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found to lite»eata rapidly during tht MM period to that during 

the |miM part of tho day dn/dt li nail compared to q and 

IM» U quesi-equilisrlusi or eWdt-*0.   Utlng Oi ■ 

2.3 a »"'aa'aaV1, q - 1400 ea^tee"1 far I - 0, n »■ 2.4 a 

ufrn'* weieh 1« tfct aacraat «dar of aagnltuda far the aeaisi 

electro« deaalty in taa 1 raglon.   It should to added that X-rays 

produce ate» »f   and 0   ioaa, taa formar recoafelalag aara rapidly, 

elewly, than 0^.   Ionic composition deter- 

Ug|<f 7> eeeee teat t^ U 

ema* di* am **k*» nit rammen a raaadk arnica aaaaa to auammvt täa eOove 

jjHtmiiWa.   fartheaearc, tho effective raaoaMaatloa aaafflcieet at 

taia eltltede eppeere to to ooatrollad aainly ay taa dissociative 

^a a_4* ■eei ^  • 

, to taa upper 1 raglon at about UflJi» **> radiation Hi 

taa ration bale« til A a« «ill at radiation to taa rag Ion «11-1000 * 

playo aw Important rola, especially far noar-vartloal sun.   fhotone 

la theae raglono aaa lonlio 0 aad H2 as wall at 0j.   Unco taa loot 

rata of a*a
4 lo fatter than that of other loot, taa calculated photo- 

Ionisation rat* (2900 cm"3sec*1) is reduced to an effective oloctron 

production rato of aaout 500 t»"*tee"1.   This value coabtnod with 

e*C  • 1.1 a 10"8cm3ssc"1 yields n - 1.6 x 105 cm*3 for tho noon 

tins oloctron density.    Though this density is somewhat lower than 

that for the 103 km level, it does not establish firmly that 

there is shallow minimum In the electron density curve. 
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Meer the botton of tht V. region at «bout 1*0 km, the nlght- 

tins electron density it «»out I04cm, and according to th« ebove 

nunerlocl Integration, this density is Increased to 105««"3 et lb« 

end of the first hour after sunrise, subsequent to thle torted, 

dn/dt again becomes toll ooonasnd to q end e< n2, eo that queel- 

eeuillbrlu« exlats la the t   region. If q le token to I« one- 

WNHW   ^snnWI   VwonHlooi'WI   ^IWn™e»^WnÄi'nIPII    bTS »•    »^nrr^^W    VOW ■ ■ ■^Fi^nj        0 

f|   «It »••an?ooa"ll tho maximum electron donelty of the f& 

ludge to n - »,» » KB*«"*» thle value Is la lino with the ob- 

«W (Figewe tot.   ** 

dB^B^aWattalale^Bnei   IftätnWI   nsn^ffnn   efje)   snondäm   telsfH   hllfr    1st   AOonfnlenfcaMfc i> ^•^s^s'w   ^B^e^B^eÄwe^B^raa^e^e^n    ^e^e'^^eo    ^ssa^siSBy   ^saeigy    ^^o^^^^   wws^^^    ^F^ w        w    w        w w    W^^M v 

s 
«Hi artHlofil high •   eonoontrotlon in tho aieunod nodol e too eoner e 

Upl» 14).   In other «otgo, tho • lower recombination process involving 

•+ ie net felly effective no tho rete determining proeess 

In the F. region at ebout HUfe tnt night-tin» oleetroa 

density io ebout 2 a l^ca"3, and according to tho numerleel 

lot ■goatloa, thia density is doubled during tho first hour efter 

sunrise end subsequently Increases rather slowly (compared to tho 

situation «t loner altitudes).   As shown In Figure 27, the photo- 

lonlaetlon rate le neerly conatent efter the flret hour.   For 

constant q. the electron donelty Is given by the aquation 

n - (q/Ott* )* tanh   [( öCq)    t + const.] (40) 

and n approaches ths limit (q/oO       If the affective q is 

one-rhird of the photolonleetlon rat« and o< - 8 x 10"    cm sac"1 
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the muimm electron density li 1.3 M Ul^«»"* which compares 

tottgtOiy with totwoto «It».   1c it to to motto «tot this it 

• II—-I simplified picture of the dynamics of «ft* ieniaation 

of tho P-region.   Considerations of tho evt-eolftr tolge(and its 

impllestUfts wwiwwtii vtrtieel «rift) wool« tovo to to added 

If «to Mae-etruatnr« of «to F-2 futon oo «toibUed to lifove 21 

to to to ttowmi •uentitativeiy. 

I.M W«W   ^HB 

MA ü« «wtlln ■ in«« «sea    Aiamme aatoiaiwamiimta on tho VBRWI   W1WP   W^iWwwW^^^^^i^p   *W^»f    ^^^^^»«   ^N^W^WM^^^^^w» w    ww    *n* 

tool« oooitoo, on« «to Mdlo to««, I« eppoers «to« «to totol 

tensity «to «it olootroo toneity (ftforao 1 end 30) «to totoly «til 

known op to altitude» of 7« to.   A« TOO to, Jeeehla tot found 

«to« vor iet ions to «to density (tot to toth rondo« «to totof- 

oottttotto ftottoito) «ty to •« high «o o factor of 20.   This, of 

course, implies «to« « tto«to model to of litotod a«« M tho 

extreme tototoi off «to tor roe trial atmosphere     Present ltott 

on tho offoet of «to oolor wind to distorting tho torrootritl 

«ogootle ftold («to thus tht distribution of tho doninantly Un- 

load medium) tond to substantiate change as tho beelc ottrlhuto 

of tho upper regions     On tho othor bond, It is presently consid- 

ered thot ovon to holghti of 700 to, tho noutrol composition ro- 

«lns rolotlvoly unknown.    In spito of tho look of Information eon- 

corning tho composition,  it might ho possible to arrive at probable 

values of the degree of lonleatlon.    This perameter is of some 

■ 'fJjSWa. ' 
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Importance to thi theorist In that it aerka the «tut where IKIMM 

theorlee of aydraofrnaaaea Mid meanatohydrodynamiea any bo used to 

■HIIllliHI tho phenoaene.   Too frequently in tho poet, aaaneto- 

Ijiimmff hot boon yMi In reelone «koto tho degree of loni- 

MClon &• 0*411 eaall. 

•f lonliotlon ot tho aaeymtotle 

terrestrial atmosphere ond tho oolor 

I alidl m swadlahlo     Tnuear ot al'"' hove aede 

H 
■tot»on»-    ho. iny.tlgeted tho aieitnde dooomdoooo of tho 

toiar flim ood sanoladod toot if tho moo density of Inter-pleaetery 

spec, (sun—rth) 1. of tho order of 300 WmmUwf Mi further 

«MM MM resoablaetioo rete-eeefflsleet to iO"l2ea3eee*l<thla it o 

roooooobl« value for o radiative roeoablnotlon prooeae), thon MM 

of Ionisation in tho solar onojinUt streaa it O.fff. 

estimates of tho extent of tho torrootrlol nagnatls 

Mold oo obovt S oorth rodtt, this determines tho degree of ioni- 

■otlon obovo 33,000 ha.    In Figure It» voluoo oro plotted to 700 ka 

uolnj tho oloetron donolty of too Middle Lotltudoo ot noon for sun- 

•pot aartaua ond tho neutrel donoltloi of tho Its» AIM Ataoophoro. 

Tho lattor io not quito opproprloto since Joechie*** hos Indientod 

thot with thooo sub-solar angles, Mlnsnar's'**'values ot 700 km oro 

too low by factors of 3 to I.    Tho values between 700 end 2000 ka 

ere token froa Orlpp ond Chrlitlen*"' who extended the Mtnmer 

model assuming e constant temperature In the ration.    Tha conatent 
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PMftH ft«» in Wpwll 11 ÜHÜH I» 

wUtiMi.    I» tp4M *f it» 

W ItlaMM     UM 
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4. 

11 gap in eh« »Uf apaotru«, 100- 

11M A, tats MM Urgaly oloMd during tba pMt two yiir. by tba 

•f ■ittiiMMiii «i «ip3) «MM * ü •<70) «* Tou**y at «ii47, 

II, SI Mi «ttla It) MO» tMt tha K»Ur 

UM It «■*§• timmtti item til pMvioui ••- 

i|M<flwtiM hnt tlM, otleulatloni 

•f M*"g«tM»tlM MMt few MM • atd t vagjUM M« M Maad en 

^ ""       tfwiMflM. nmiiinitiw <n» 7a)of tMa« 
km MfflMMMi tba publlBMd MM U tM eoMtruc- 

«tf» «f   MUM SI.      Mt Mitt MtMMB M Mt Mtf» 100*1100 A 

It Mt? M>M|  «MM «M MW IMMlM llMi,  MM MM and «teon« 

Mt tMM «M tlM MMMM Mnttnua iuch •■ tM lyMn contlnu» -f 

«MM pMvldaa t algniflMnt Mount: of onorgy. 

I« if Mil MMt thnt radiation IntantltUt In tM x-ray 

Mt Mt* kp MMttt ordart of Mgnltuda, daoandlng rn the 

"Mttvilj" of tM MB.   Moraovar, lnbsrant dlfflcultlat in tha Intar- 

pratatlon of tM Maaurad x-ray photon count hav* Ud to «Bhlgultla», 

IM oxMplt, Frladaan «t «1     originally rtpott fcht x-ray flux 

(7-10A) for SoptMbor 29, 1949, at 10"4arg M^MC"1, but lat*r 

ralntarprat th« MM d«t« «• Indicative of a flux «• high a* 0.44 

arg OB"   eee" .    CoMaquantly, a»tlmet«t for thle region ir th« 

oaaa of tha normal sun nay ba in arror by ona et mcr? Tder < I 

magnitude. 
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THE SOLAR SPECTRUM - ARRIL I», MO 
200 TO 148 KM 

USNRL 

Figur« 31. Tho Solar Spactruv. *• Obtained fro« »oekot Exporl«ont (tfttr TouMy) 
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IH'W 

tftVBM 

Figur« 32. Oxygtn Absorption Spectrum at Measured from Rocktt Exptrimant 
in Ch« Altituda Reglma 105-218 km (afttr Touaay) 
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for eh« region of 60-1300*. Dr. Mntaregger obtained 

10 erge c«"2 MC"1 et •<* altitude of 210 km, of which 1.0 erga 

e«'2 too*1 la attributed to Lyman-alpha. Be eetlmatea • total 

of IS erge cm"2 i«'1 eutalde of tho terreatrlal ctooaphere. tit 

estimates plus tho spcatrographs 

aoureea in tola region of tho spectrum. Tho total flu» pertI- 

UM to tho tabulated eetimetes In tho roflo« IM IMQA to 11 

Iff» »B** too"1, luo «»too it obteined by oorrootiat 

jilitmw'» MMlIt (for otaothtwtie otters* is*} and it. there« 

flstSB^an W4 emamkOme»      «laWa«S»     fottfta»     OOM^OxAOOM^tf OYaBaOB      J*kA      AJ|    9wmtatSb^thSJt    ^^p^^^^ypv      A| 
t^tWe^B* g      tWW^MBtB^B»W       OP*OH     •^B^W     tB^Pt^B^»» • "••«0^»     t^e»w»W     ^FW      •^^^B^B^^Bj^^     .^B^B^BF^^BB^Pf    ^»w 

IN a*. 

tho rooioo of of lit» 

intentittoo tar 

by a fettet of 

'*» OMO i» 

«iffor fro» ghost of ftoUt i»o Bont» 

Mw». Orootor weight hot boo« given to 

of thu lo»or contribution of ecettered 

<m 

iioht in tha ML sfcmfcsuurnaha. 

if lndlcetlve of tho uooortaintioi lnvolvad, It la 

•atlaotod that cho lino Intonaltlo» nay bo In error by a factor 

of two in »oat caaaa, hut aa high aa a factor of flvt In othsrs 

On tho other bond, tho Intensity of tha continuum «ay bt In arror 

by a factor of thrao at frequenclea above 300A and by a largtr 

factor at tho lower portion of the apactrum. For many of tha 

Una Intanaltlaa, it has baan neceescry to mak* sstlmstrs on tha 
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: " 

; 

bail» of a visual comparison of tha lint intansitiss and tha 

eontinuuai In eh« spactroaraphs provldad by tr, Touaay. 

Tha «aanltuda of tha alnlsnm ton production rataa can 

ba uead aa a fulda to aalaot tha ■•lit flux fron tha availabit 

data. lataav" hat pelntad Out that tha flux uaad by havan, 

rvlodnvM, «4 lulburt(5) laad ta lnauffloiant Ionisation ratal. 

On tha athar hind, tha flux of 13 area em'2 soa"1 for tha ha IX 

lino' glvoi too hith rataa af lanlaatlon «hon tha flux of athar 

-Äiüiv« It«ss and esstiraa is prafortlonatoly InaUdod. fro- 

lladnary salovUtlona fa* tha altinoda rang« ft nfdj hn tntHcata 

•Wo •^PW ^t#%#» wj 
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4.2.  mm ilm t— lia ftuMtli AttBMhiii la MÜM ÜUMM 1 

Table 20 provide! tabulated data of calculated photon fluKee. 

lasie information! 

Coluen 1 - Wavelength ration (avary SO Ä) 

t - Mean wavelength (l.a. 2400-2430 k it 2.42 in cm) 

3-QX   in watt./«2 

4 ■ QX   converted to erg./«2 Mt 

I Watt * 107 art/aac 1 Mai«1 i 104 on2 

. 

at1 art/aae * -1»       • »' erg/cou 
10* e« * 

I - II*   • MMtgy tf photon MM X • *'* f |fl     •'■* 

i - iX - QX /tX 

7 • I X    (ruMtng total «or liieraaalng wave lent the 

MMMB 0-SM0Ä A\-S0l 

3900-6000 AX ■ 30 X 

0000 - 11,000 &X - 100 & 

11,000 - 20,000 &Xa 100° * 
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